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Giant ragweed is a troublesome, early emerging, summer annual weed found 
throughout the eastern and midwestern corn and soybean growing regions of the United 
States. Since the emergence of giant ragweed varies at different locations, our first 
objective was to determine the emergence pattern of giant ragweed in Nebraska and how 
spring tillage influences emergence. Results of a two-year study suggested that giant 
ragweed emerged from late March until mid-June, with the majority of emergence 
ceasing by early May. Spring tillage could be used as an alternative method for managing 
glyphosate resistant giant ragweed. 
Water stress can affect the growth and development of both crop plants and 
weeds. Thus, in our second objective, we hypothesized that drought conditions can result 
in a water deficit that can hinder giant ragweed growth and reproduction. Results 
suggested that the degree of water stress had more effect on plant growth and fecundity 
compared to the duration of water stress. Plants watered at a 10-day interval with 100% 
field capacity were still able to produce seeds, whereas only a few plants survived at 
12.5% soil moisture content when irrigated at a 2-day interval.  
Early emergence and a rapid growth rate make giant ragweed a competitive weed 
early in the season and reduce crop yields; therefore, in our third objective, we 
determined the early spring control of giant ragweed using a preplant herbicide. Several 
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herbicide programs were investigated with preplant followed by pre-emergence (PRE) 
and post-emergence (POST) herbicides for controlling glyphosate-resistant giant ragweed 
in glufosinate-resistant soybean. Results suggested that herbicide programs containing 
2,4-D in preplant followed by an in-crop application of glufosinate provided 99% control 
of glyphosate-resistant giant ragweed and increased soybean yields.  
Finally, since fall and early spring application of herbicides may influence giant 
ragweed emergence, our fourth objective was to determine the effect of fall and/or early 
spring application of a prepackaged mixture of iodosulfuron and thiencarbazone-methyl 
applied alone or tank-mixed with 2,4-D, dicamba, or metribuzin on glyphosate-resistant 
giant ragweed in no-till corn. Results suggested that the premix of iodosulfuron and 
thiencarbazone-methyl tank-mixed with 2,4-D, dicamba, or metribuzin followed by PRE 
and POST herbicide applications provided > 95% control of glyphosate-resistant giant 
ragweed in no-till corn.
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ORIGIN AND DISTRIBUTION 
ORIGIN AND DISTRIBUTION 
Giant ragweed (Ambrosia trifida L.) is native to North America and is widely 
distributed throughout the United States and southern parts of Canada (Barnett and 
Steckel 2013; Harrison et al. 2001). It was primarily found in drainage ditches, roadsides, 
and other non-agricultural areas, but has become a major problem in agronomic crops 
over the past two decades (Johnson et al. 2006). The repeated use of glyphosate over the 
past several years has led to the evolution of glyphosate-resistant biotypes of giant-
ragweed, and in the United States, glyphosate-resistant giant ragweed has been confirmed 
in 12 states, including Arkansas, Indiana, Iowa, Kansas, Kentucky, Minnesota, 
Mississippi, Missouri, Nebraska, Ohio, Tennessee, and Wisconsin (Heap 2014) (Figure 
1.1).  
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Figure1.1. Confirmation of glyphosate-resistant giant ragweed in United States 
(Heap 2014) 
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PLANT BIOLOGY AND CHARACTERISTICS 
Giant ragweed is a monoecious, summer annual broadleaf species of the 
Asteraceae family (Bassett and Crompton 1982). It can grow up to 5 m in height and has 
a flowering period lasting from July to October. Its pollen is a major trigger for late 
summer hay fever and other pollen allergies (Bassett et al. 1978).  
Giant ragweed’s extremely vigorous vegetative growth habit is due to a high 
photosynthetic rate (Bazzaz and Carlson 1979) that makes it very competitive with crops, 
including corn and soybean. For example, Webster et al. (1994) recorded a soybean yield 
loss up to 77% at a giant ragweed density of 1 plant m
-2
. Research also shows that 
season-long interference of giant ragweed at 1 plant 10 m
-2
 in corn (Zea mays L.) reduced 
yields up to 14% (Harrison et al. 2001). Additionally, Barnett and Steckel (2013) 
determined that 0.26 giant ragweed plant m
-1
 can cause up to a 50% reduction in cotton 
lint yield. Giant ragweed seeds undergo two types of dormancy: physiological and 
covering structure enforced (CSE) dormancy (Schutte et al. 2012), and to break 
dormancy, seeds require cold stratification achieved by overwintering seeds under cool 
and moist soil conditions (Ballard et al. 1996). Giant ragweed seeds are large enough to 
have a sufficient food reserve to allow seedlings to support their survival during stress 
periods and promote germination even from deeper depths of 10 cm (Abul-Fatih and 
Bazzaz 1979).  
Although giant ragweed is a vigorous weed, it has a low fecundity and seed 
survival rate compared with other annual weed species (Harrison et al. 2001). Giant 
ragweed produces up to 5,100 seeds plant
-1 
under favorable environmental conditions in 
soybean production fields (Baysinger and Sims 1991), but has a high seed mortality, 
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ranging between 20 to > 90% (Abul-Fatih and Bazzaz 1979). Furthermore, the viability 
and germination of giant ragweed seeds depend on several factors, including seed burial 
depth, soil temperature, and available moisture. Previous studies reported a < 10% 
survival rate for plants emerging from a 16-cm depth (Abul-Fatih and Bazzaz 1979; 
Stoller and Wax 1974). Harrison et al. (2007) found that after four growing seasons, ≥ 
90% of the giant ragweed seedbank would be depleted if no fresh seeds are added to the 
soil annually. Giant ragweed occurs in both conventional and no-till production systems 
and can persist in successional fields for up to 15 yr after plowing has ceased (Hartnett et 
al. 1987; Loux and Berry 1991). 
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MANAGEMENT PRACTICES 
Glyphosate-resistant giant ragweed is extremely competitive, and early season 
control is vital for preventing crop yield loss. Giant ragweed’s early emergence can be 
exploited by starting management practices earlier in the season, thus allowing weed-free 
fields for crop planting. There are a number of preplant herbicide options available such 
as 2,4-D, dicamba, flumioxazin, glufosinate, paraquat, saflufenacil and sulfentrazone that 
initially provided effective control. For example, burndown-only applications would 
control only the plants that emerged earlier in the season before planting the primary 
crop, while POST-only applications might result in lower crop yield due to crop-weed 
competition at the initial stages of crop growth. To achieve complete control of giant 
ragweed throughout the entire season, PRE and POST herbicides should each be applied.  
Soybean cultivars with traits conferring resistance to preplant or POST applications of 
plant growth regulators such as 2,4-D are being developed and may be commercialized in 
the near future (Craigmyle et al. 2013a), providing growers with the flexibility of in-crop 
2,4-D application for controlling glyphosate-resistant giant ragweed (Craigmyle et al. 
2013b). Since an over-reliance on the same herbicide site of action would eventually lead 
to the evolution of herbicide-resistant biotypes, an integrated management approach 
including tillage, use of herbicides with different sites-of-action, rotation of herbicide-
resistant traits, and crop rotation may more effectively control glyphosate-resistant weeds 
(Aulakh et al. 2012; 2013). 
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RESEARCH OBJECTIVES AND SUMMARY 
Glyphosate-resistant giant ragweed is becoming one of the major weeds affecting 
agronomic crops in Nebraska and several other states in the Midwest (Johnson et al. 
2006). It is highly competitive since it emerges early in the season and becomes 
established by the time of crop planting. Therefore, it is important to understand the 
emergence timing of giant ragweed to plan appropriate management strategies for control 
early in the season. Information about the emergence pattern is available for other states; 
however, scientific data is not available about the emergence of giant ragweed in 
Nebraska. The objectives of this study were to determine the emergence pattern of 
glyphosate-resistant giant ragweed over a period of two years in Nebraska, and to 
determine the effect of spring tillage on giant ragweed emergence. This will help us to 
modify practices such as the date of planting, tillage, and herbicide applications for 
season-long control of glyphosate-resistant giant ragweed. 
Seeds are the dispersal units that make up the source of weed infestation for 
subsequent years. Therefore, the elimination of seedbanks is important to reduce 
competition and avoid yield losses in subsequent years. Environmental factors such a 
temperature, soil moisture, and nutrients determine the growth and reproduction of plants, 
and drought conditions can affect plant physiology, resulting in low fecundity and 
reducing the seedbank reservoir in the soil. The objective of this study was to determine 
the effect of degree and duration of water stress on growth parameters such as height, 
girth, leaf production, biomass, and seed production of glyphosate-resistant giant 
ragweed.  
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Glyphosate is a broad-spectrum herbicide that provides excellent POST broadleaf 
and grass weed control, and hence became the first choice among growers after the 
commercialization of glyphosate-resistant crops; however, the continuous use of 
glyphosate over several years has led to the evolution of glyphosate-resistant weed 
biotypes. Thus, there is a need to identify alternative herbicide programs for controlling 
glyphosate-resistant giant ragweed. Glufosinate-resistant soybeans are also becoming 
popular, and more growers may cultivate them in the near future. Previous researchers 
have further found that glufosinate could be used as a substitute for glyphosate in 
glufosinate-resistant crops (Aulakh et al. 2011). Hence, the objective of this study was to 
evaluate the burndown efficacy of various herbicides commonly used in soybeans 
followed by sequential applications of glufosinate for controlling glyphosate-resistant 
giant ragweed. 
ALS-inhibiting herbicides provide broad-spectrum weed control while ensuring 
excellent crop safety. There are reports of ALS-resistant giant ragweed in Ohio, 
Minnesota, and Illinois, though it has not yet been confirmed in Nebraska. Autumn 
Super™, a new prepackaged mixture of iodosulfuron-methyl (sufonylurea) and 
thiencarbazone-methyl (sulfonylaminocarbonyl-triazolinone) has recently been registered 
for post-harvest or preplant weed control. It provides residual weed control in no-till or 
conservation tillage fields any time after the fall harvest or in early spring if used at least 
30 and 60 days prior to planting corn and soybean, respectively. Scientific literature is not 
available on the efficacy of this herbicide and its tank mixtures for controlling 
glyphosate-resistant giant ragweed in no-till corn. 
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CHAPTER 2 
 
 
EFFECT OF TILLAGE ON EMERGENCE OF GLYPHOSATE-RESISTANT 
GIANT RAGWEED IN NEBRASKA 
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ABSTRACT 
 Giant ragweed is a troublesome, early emerging summer annual weed found 
throughout the Midwest and eastern Corn Belt. Knowledge about the emergence pattern 
of giant ragweed and how it responds to tillage can help in developing effective 
integrated management strategies. The objectives of this study were to explore the 
emergence pattern of a glyphosate-resistant giant ragweed population from Nebraska and 
to investigate the effect of spring tillage on timing of giant ragweed emergence. Field 
experiments were conducted in a grower’s field in 2012 and 2013 near David City, NE 
infested with a glyphosate-resistant giant ragweed population confirmed in 2010 in the 
same field. Treatments included four tillage timings at a bi-weekly interval starting when 
the first giant ragweed seedlings were observed in the field early in the spring. Results 
suggested that tillage timing had no effect on total giant ragweed seedling emergence and 
days required to 50% emergence (T50); however, results for these response variables 
differed between years. More giant ragweed seedlings emerged in 2012 compared to 
2013, probably due to higher temperature during early season in 2012. The weibull 
function that included TT (Thermal time) and HTT (Hydrothermal time) as the 
explanatory variables was fit to describe the emergence data. The base temperature of 4 C 
was selected from a set of 16 temperatures ranging from 2 to 17 C using Akaike’s 
information criteria (AIC). Results from the TT model suggested that 50% giant ragweed 
emergence occurred after accumulation of 106 growing degree days (GDD).  Giant 
ragweed emerged from late March until mid-June with the majority of emergence ceasing 
by the beginning of May. There was no giant ragweed emergence observed after tillage 
13 
 
treatments were concluded; thus, tillage could be the part of integrated management 
practices for giant ragweed control. 
Nomenclature: Giant ragweed, Ambrosia trifida L. AMBTR. 
Keywords: Growing degree days, physical elimination, resistance management, summer 
annual weeds. 
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INTRODUCTION   
Giant ragweed, a native of eastern North America, is an early emerging, summer annual 
weed species. It is amongst the most troublesome weeds of agronomic crops in the 
Midwest and eastern United States (Johnson et al. 2004; Loux and Berry 1991). Due to 
its early emergence pattern, giant ragweed highly competes with crops for light, water, 
space, and nutrients (Johnson et al. 2006). It has a high photosynthetic rate that makes it a 
vigorous and rapidly growing weed, even under extreme weather conditions causing yield 
loss in crops (Bazzaz and Carlson 1979). The duration of giant ragweed competition 
plays a critical role in determining the extent of crop yield loss (Barnett and Steckel 
2013; Harrison et al. 2001).   
The emergence of a weed is influenced by several factors such as seed dormancy, 
soil temperature, and soil moisture (Bullied et al. 2003; Van Acker et al. 2004). The 
timing of weed seed emergence plays a critical role in establishment and subsequent 
competition with crops. The synchronization of crop and weed emergence can 
dramatically affect competition (Grundy 2003). Environmental variations largely affect 
the duration of weed emergence and probably the reason for difference in emergence 
patterns observed over different years (Hartzler et al. 1999; Ogg and Dawson 1984; 
Werle et al. 2014a; Werle et al. 2014b). One of the pre-requisites for weed emergence is 
the favorable environmental conditions to overcome dormancy. Factors such as soil 
temperature, moisture, and for some weed species, disturbance has to coincide to initiate 
emergence (King 1966). Dormancy of summer annual weed species such as giant 
ragweed is overcome by low temperatures during winter, and warm temperatures along 
with adequate soil moisture together promoting germination in early spring through the 
15 
 
summer (Baskin and Baskin 1985). Early emerging weed seedlings tend to be more 
competitive and have higher fecundity (Dexter et al. 2010). 
Stoller and Wax (1973) showed that giant ragweed emerges early and produces 
large flush in April. A rapid decline in emergence was noticed in May with successive 
delays with the increasing depth of seeding. Germination of giant ragweed is affected by 
both, embryo and hard seed coat dormancy (Bewley and Black 1994). The combined 
effect of embryo dormancy and low spring temperatures prevents germination of giant 
ragweed early in the season (Schutte et al. 2012). Tillage is one of the most commonly 
practiced mechanical weed management strategies. Tillage can reduce germination by 
moving the weed seeds into deeper layers of soil where the optimum conditions for 
germination are not met and or eliminate emerged seedlings (Egley and Williams 1990). 
For example, Refsell and Hartzler (2009) reported three times greater common 
waterhemp (Amaranthus rudis Sauer) emergence under no-till conditions compared to 
chisel-till cultivation. In contrast, tillage alters micro-environmental conditions such as 
light, available nutrients, temperature, and porosity of soil; thus, tillage stimulates 
germination and seedling emergence of some weed species (Bullied et al. 2003). For 
instance, in spring wheat (Triticum aestivum L.), fall tillage buried volunteer canola 
(Brassica napus L.) seeds deep in the soil that stimulated their emergence in autumn, 
leaving behind less seed for spring recruitment (Lawson et al. 2006).  
To reduce the problems associated with the glyphosate-resistant giant ragweed, 
Growers are relying on both cultural as well as alternate herbicides for management of 
glyphosate-resistant giant ragweed before and during the growing season. Therefore, it 
would be useful to prioritize management approach if we are able to predict the 
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emergence of giant ragweed. Scientists have developed predictive models to estimate 
time for weed emergence that may provide knowledge on emergence pattern under field 
conditions. The two most commonly used methods to predict weed emergence are 
thermal time (TT) and hydrothermal time (HTT) models. TT models are based on the 
accumulation of heat units (growing degree days, GDD) above the threshold value for 
weed emergence (Tbase).  HTT models take into account soil moisture content (ψ, soil 
matric potential) and temperature (Gummerson 1986). For HTT model, heat units are 
accumulated only after the critical value of soil moisture content required for seedling 
emergence is reached. 
Ecologically-based weed management program that helps to predict weed 
composition and structure could determine the  method of weed management based on 
weed seedling emergence (Smith 2006; Smith and Gross 2006).  Similar to other weed 
species, tillage may have an impact on giant ragweed emergence. For example, research 
conducted in Indiana showed that mulch-tilled, no-till, and conventionally-tilled fields 
had 49, 37, and 32% giant ragweed emergence, respectively (Johnson et al. 2006). The 
results, however, favors no-till practices because no-till leaves giant ragweed seeds on 
soil surface making them prone to predation by insects, mice, birds, and soil micro-
organisms (Johnson et al. 2006). Early emergence of giant ragweed may be exploited in a 
way that it can be controlled by tillage or applying preplant herbicides early in the season 
that may reduce giant ragweed competition in the initial stages of crop growth. Therefore, 
predicting weed seed emergence can help to plan the timing of tillage and/or PRE and 
POST herbicide applications. Understanding emergence periodicity of weeds is important 
to develop effective management strategies during the cropping season. Limited 
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information is available on emergence pattern of giant ragweed, but generalization on 
emergence cannot be made on the basis of fewer locations due to difference in 
environment, biotype, and management practices. Therefore, the objective of this 
research was to determine the influence of spring tillage on the emergence pattern of a 
glyphosate-resistant giant ragweed population in Nebraska over a two year period.  
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MATERIAL AND METHODS 
 Field experiments were conducted near David City, NE (41.24ºN, 97.13ºW) in 
2012 and 2013 in a grower’s field infested with glyphosate-resistant giant ragweed. 
Historically, glyphosate was the only herbicide used for weed control at least two times 
in a growing season for the last eight years in glyphosate-resistant corn and soybean 
rotation. The soil at the experimental site was silt loam with pH of 5.4, 18% sand, 50% 
silt, 32% clay and 2.1% organic matter. The plot size was 1.5 x 4.5 m. Early in the season 
(before giant ragweed emergence), three 0.25 m
2
 quadrats were established in the middle 
of the plot at a distance of 1.5 m from each other. These quadrats were re-established in 
the designated plots after the tillage treatment was applied. 
  The experiment was arranged in a randomized complete block design with five 
treatments and four replications. Tillage treatments included four tillage timings using a 
roto-tiller (Honda Tillers, FRC 800, American Honda Power Equipment Division, 
4900 Marconi Dr. Alpharetta, GA 30005-8847.), at a bi-weekly interval starting two 
weeks after the first giant ragweed seedlings were observed early in the season. In 2012, 
designated plots were tilled on April 4, April 19, May 4, and May 17. In 2013, tillage 
treatments were applied on April 18, May 2, May 16, and May 30. Control plots were not 
tilled.  
Emerged plants at the cotyledon stage were counted and removed from each 
quadrat on a weekly basis. Data were collected from late March until June 30 when 
emergence had ceased in both years.  
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Statistical analysis  
Giant ragweed emergence data were converted from weekly counts to cumulative 
emergence (%) based on the total number of seedlings emerged per counting square per 
year. A logistic function was fit to the data to describe emergence over time (Sahoo et al. 
2010): 
Y = a / [1 + exp (b-c × DOY)]                    [1] 
where ,Y is the cumulative seedling emergence at specific time (response variable), DOY 
is day of year (explanatory variable), a is the asymptote or maximum cumulative 
emergence within a year (theoretical maximum for Y normalized to 100%), and b and c 
are shape parameters. The logistic function was fit to the data of each counting quadrat 
using PROC NLIN in SAS 9.2 (SAS Institute, Cary, NC). The shape parameters b and c 
were then used to estimate the number of days to 50% giant ragweed seedling emergence 
(T50) (Sahoo et al. 2010): 
T50 = b/c                    [2] 
The T50 and total seedling emergence data for the three counting quadrats within a block 
were averaged prior to analysis of variance (ANOVA), with the average representing the 
response value for each block. The total number of emerged giant ragweed seedlings was 
expressed in plants m
-2
. T50 (days to 50% emergence) and total seedling emergence 
(plants m
-2
) were subjected to ANOVA performed using PROC GLIMMIX in SAS 9.2 
(SAS Institute, Cary, NC). Experimental treatments were treated as fixed factors, whereas 
replication blocks (nested within experimental runs) were treated as random factors in a 
model. Means were separated when the interaction or main effect was less than α = 0.05. 
The Gaussian assumptions of normality and homogeneity of variance were tested prior to 
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analysis and no data transformation was necessary. Results presented were originated 
from the same mixed model analysis. 
Modeling Giant Ragweed Emergence 
 Daily maximum, minimum temperature and daily precipitation information was 
retrieved from the nearest automated weather station located in David City, NE (High 
Plain Regional Climatic Center; www.hprrc.unl.edu; Station ID: 252205; 41.24ºN, 
97.13ºW; altitude 491 m). Soil temperature and moisture model software (STM2) was 
used to predict soil temperature and moisture on daily basis as illustrated by Spokas and 
Forcella (2009). STM
2 
uses soil properties (sand, silt, clay, organic matter content), 
latitude, longitude, elevation of experimental site, along with daily minimum and 
maximum air temperature and daily precipitation to simulate the microclimate conditions.  
Giant ragweed emergence data were converted from weekly counts to cumulative 
emergence (%) based on the total number of seedlings emerged per counting square per 
year. The estimated daily soil temperature for each year was used to calculate 
accumulated growing degree days (sGDD) to predict time to 10, 50, and 90% giant 
ragweed emergence (Werle et al. 2014a). Cumulative sGDD was calculated from January 
1 for 2012 and 2013 as: 
sGDD = ∑ (𝑛𝑖=1 Tmean – Tbase)                      [3] 
where, i is the start date for thermal time (TT) accumulation (January 1), n is the 
number of days after i, Tmean is the mean daily soil temperature (C), Tbase is the minimum 
temperature threshold for seed germination (C). When Tmean > Tbase , Tmean -Tbase  heat units 
were accumulated on a daily basis; when Tmean < Tbase , no accumulation of heat units took 
place. 
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Cumulative soil hydrothermal time (HTT) was calculated as (Gummerson 1986): 
HTT = ∑ [(𝑇 ×  𝜓) × (Tmean – Tbase)]𝑛𝑖=1            [4] 
where T (thermal portion of the equation) is interpreted as Tmean > Tbase = 1, 
otherwise = 0; ψ > ψ base = 1, otherwise = 0.  ψ is daily mean matric potential (kPa) at 2-
cm depth and  ψ base is base matric potential required for seed emergence (kPa).  Tmean -
Tbase heat units were accumulated on a daily basis when T and ψ were adequate for 
germination (T and ψ =1). Previous research reported that value of T ranges from of 2 to 
17 C for germination of summer annual weed species (Abul Fatih and Bazzaz 1979; 
Norsworthy and Oliviera 2007). Therefore, 16 values of Tbase ranging from 2 to 17 C at 1 
C interval were tested to select the base temperature for giant ragweed emergence. To 
select ψ base, three values, -33, -750, and -1500 kPa were tested because these values 
represent the soil moisture conditions during the study. These values represent the range 
of soil matric potential.   
Fitting the Models. The weibull function was fit to the cumulative emergence data of 
giant ragweed pooled over years in which the independent variables were 48 
permutations of HTT, 16 permutations of TT and DOY: 
Y = 𝐴𝑠𝑦𝑚 × {1 − exp[− exp(𝑙𝑟𝑐) × (HTT, TT, or DOY𝑝𝑤𝑟)]}                 [5] 
Where Y is the cumulative emergence (%), Asym is the horizontal asymptote 
(theoretical maximum for Y normalized to 100%), lrc is the natural logarithm for the rate 
of increase, and pwr is the power to which HTT, TT, and DOY is raised (Crawley 2007). 
Estimation of lrc and pwr for each model was done using NLME package of R software 
(R Foundation for Statistical Computing, Wien, Austria). The optimum model for giant 
ragweed emergence was selected using AIC that is based on maximum-likelihood 
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method between predictive model and the “true generating mechanism or reality” 
(Anderson 2008; Werle et al. 2014b). For the total of 65 models, AICc (corrected AIC) 
was calculated using (Anderson 2008): 
AICc = −2𝐿𝐿 + 2𝐾(
𝑛
[𝑛−𝐾−1]
)                            [6] 
Where LL is the log-likelihood function of the model parameters given the data 
and was determined using logLik command in R software, K is the number of parameters 
estimated for the model, and n is sample size. Since, The models that used TT and DOY 
as explanatory variable requires only one input i.e. daily temperature and DOY, therefore, 
“1” was added to the number of parameters (K) as a penalty (K+1) whereas for HTT 
model, “2” was added to K (K+2) as it requires both daily soil moisture and temperature 
(Werle et al. 2014a). AICw was calculated as (Anderson 2008): 
AICwi = [exp (−
1
2∆𝑖
)/ ∑ exp (−
1
2∆𝑟
)]𝑅𝑟=1        [7] 
Where ∆𝑖 is the AICc difference between the top model (smallest AICc and 
highest probability, AICw) and the ith model, and R is the total number of models that 
were tested. The sum total of AICw for all the models should be equal to 1. The Tbase and 
ψ base values of the top model were used for predicting giant ragweed emergence.  
Model Goodness of Fit: The root mean square error (RMSE) and modeling efficiency 
coefficient (ME) of the top model was estimated to determine the fitness of the model. 
RMSE was calculated as (Roman et al. 2000): 
RMSE = [
1
𝑛
∑ (𝑃𝑖 − 𝑂𝑖)𝑛𝑖=1
2
/ ∑ (𝑂𝑖 − Ō𝑖)𝑛𝐼=1
2 
]1/2    [8] 
Where Pi is the predicted value and Oi is the observed value, and n is the total 
number of comparisons. Smaller RMSE values reflect the close proximity of the 
observed values to be predicted. ME was calculated as (Mayer and Butler 1993): 
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ME = 1 − [∑ (𝑃𝑖 − 𝑂𝑖)𝑛𝑖=1
2
/ ∑ (𝑂𝑖 − Ō𝑖)𝑛𝑖=1
2
             [9] 
where Ō𝑖 is the mean observed value. ME ranges between -∞ and 1. 
Closer the values to 1, the more accurate the predictions. 
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RESULTS AND DISCUSSION 
Effect of Tillage on Seedling Emergence 
Timing of tillage had no effect on either total giant ragweed seedling emergence 
or T50 (P = 0.09 and 0.11, respectively; Table 2.1) however, results for these response 
variables differed between years (P = 0.003 and < 0.001, respectively). For instance, total 
seedling emergence in 2012 ranged from 1,100 to 1,760 m
-2
 compared to 345 to 660 m
-2
 
in 2013. Anderson and Nielson (1996) also reported that tillage did not affect emergence 
of redroot pigweed (Amaranthus retroflexus L.). Egley and Williams (1991) detected no 
difference in the emergence pattern of six summer annual weeds including common 
purslane (Portulaca oleoracea L.), hemp sesbania [Sesbania exaltata (Raf.) Cory], horse 
purslane (Trianthema portulacastrum L.), prickly sida (Sida spinosa L.), spurred anoda 
[Anoda cristata (L.) Schlecht.] or velvetleaf (Abutilon theophrasti Medik.), even when 
tillage was  implemented early in the season. However, tillage led to decrease in seedling 
emergence of velvetleaf, spurred anoda and hemp sesbania during their peak periods. 
Tillage has been reported to alter magnitude of weed emergence, but not significantly 
change the pattern of emergence (Anderson and Nielson 1996). For example, tillage 
decreased emergence of weeds such as kochia (Kochia scoparia (L.) Schrad.), volunteer 
wheat (Triticum aestivum L.) and green foxtail (Setaria viridis (L.) P.Beauv.), but increased 
emergence of wild proso millet (Panicum miliaceum L.) (Anderson and Nielson 1996).  
In 2012, more giant ragweed seedlings emerged, and emerged earlier in the 
season compared to 2013. The earlier emergence pattern in 2012 can be the result of the 
warmer temperatures during early season compared to 2013 and the 30-yr average 
(Figure 2.1). Precipitation from March through October was 385 mm, 1,240 mm, and 
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863±46 mm, for 2012, 2013, and 30-yr average (1982-2011), respectively (data not 
shown). The extreme weather conditions during the summer of 2012 (drought and high 
temperatures; Figure 2.1) significantly reduced giant ragweed seed production, 
explaining the three-fold difference in total seedling emergence between 2012 and 2013 
(Table 2.1). Furthermore, the extreme weather conditions during the summer of 2012 
may have reduced giant ragweed soil seed bank addition. The latter tillage treatments 
(After May 17, 2012 and May 30, 2013) took place after most giant ragweed seedlings 
had emerged and no new seedlings were observed afterwards, indicating that besides not 
stimulating emergence, this mechanical practice could also eliminate the emerged and 
actively growing plants. 
Buhler et al. (1996) reported higher emergence of redroot pigweed under no-till 
conditions compared to the tilled plots. Similarly, Refsell and Hartzler (2009) reported 
increased common waterhemp emergence in no-till cultivation due to the presence of 
large number of seeds in top portion of soil profile. Apparently, the common waterhemp 
seeds get buried deep in the soil with tillage where conditions for germination are not 
met. Delayed planting can help growers to plan tillage during peak periods of weed 
emergence. Moreover, turning over the soil causes soil warming up that helps in rapid 
growth of the crop to compete with the later emerging weeds (Jhala et al. 2014a). 
Emergence Pattern: 
According to the best fit of Equation [1] to the pooled data of each year, 10, 50 
and 90% cumulative emergence were expected on DOY 80 (March 21), 83 (March 24) 
and 87 (March 28) of 2012 and DOY 94 (April 4), 105 (April 15) and 115 (April 25) of 
2013, respectively (Figure 2.2; Table 2.1). Besides happening earlier in the season, the 
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amount of time required for 10 to 90% cumulative emergence was shorter in 2012 (7 
days) than it was in 2013 (21 days) (Table 2.2); that can be justified by higher 
temperatures during the spring of 2012 (Figure 2.1). During both years, the majority of 
giant ragweed seedlings emerged prior to the time of soybean planting, which occurs 
around May 15 in Nebraska; indicating that management of giant ragweed could be 
accomplished prior to crop planting using tillage or effective preplant herbicides. For 
example, recent studies in Nebraska reported control of glyphosate-resistant giant 
ragweed using preplant herbicides such as 2,4-D, or saflufenacil (Kaur et al. 2014; Jhala 
et al. 2014b). Our results suggested that there was no difference between the tillage 
treatments within a year; however, differences were observed between years. DOY is not 
a reliable method to predict giant ragweed emergence and heat unit accumulation should 
be used instead. 
ESTIMATION OF Tbase AND MODEL SELECTION:  
Previous studies have validated the accuracy of STM
2 
model used to simulate the 
soil microclimate conditions (Spokas and Forcella 2009; Werle et al. 2015) indicating 
that STM
2
 is a powerful tool to be used when these data are not available. Similar fitness 
was obtained by TT and HTT models for giant ragweed emergence; however, when the 
extra penalty costs were properly taken into account, TT model performed better than 
HTT based on the AICc criterion (Equation 4). Similarly, Werle et al (2014a) found that 
TT models were more appropriate than HTT model to predict emergence of 11 weed 
species including giant ragweed. Moreover, the ψ values rarely dropped below -1500 kPa 
in 2012 and 2013 when giant ragweed was actively germinating (Figure 2.3); thus, ψ did 
not have significant contribution in describing the emergence of giant ragweed (Figure 
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2.3). Additionally, Davis et al. (2013) stated that giant ragweed can emerge even when ψ 
is very low due to the large seed size that have sufficient reserve material to promote 
radicle emergence under unfavorable conditions. The RMSE and ME values for TT 
model were 8.71 and 0.958, respectively. Werle et al. (2014a) found RMSE and ME of 
top models for predicting emergence of summer annual weeds ranging from 3.7 to 14.9 
and 0.82 to 0.99, respectively. Thus, fitness of our model was comparable to RMSE and 
ME values reported in the literature. The best fitting curve between the cumulative 
emergence and thermal time was the basis of estimation of optimal Tbase from the set of 
16 different temperatures (Izquierdo et al. 2009). According to AIC criterion, Tbase of 4 C 
performed best to describe the data set (Figure 2.4). Results of this study corroborate to 
the previous findings in which 4.4 C was estimated to be the ideal Tbase for giant ragweed 
emergence (Davis et al. 2013). According to the top model, 10, 50, and 90% cumulative 
giant ragweed emergence is expected to occur at 71,106, and 137 accumulated GDD 
(Table 2.2; Figure 2.5) that occurred on DOY 71, 75, and 77 in 2012 and on DOY 96, 
104, and 116 in 2013, respectively. The results of giant ragweed emergence obtained 
using GDD accumulation corroborates with DOY model, where time taken to 50% 
seedling emergence was 77 to 78 DOY and 103 to 105 DOY in 2012 and 2013, 
respectively (Figure 2.6). Adaptation of giant ragweed emergence pattern in response to 
intensive management has been reported. For example, Schutte et al. (2012) reported that 
giant ragweed in Ohio had an extended biphasic emergence pattern (emergence of giant 
ragweed is interrupted by a lag phase and then starts again), which differed from the 
relatively short monophasic emergence pattern observed in this study in Nebraska.  
Research conducted in Indiana and Iowa also reported a short monophasic emergence 
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pattern of giant ragweed, corroborating results of our study (Davis et al. 2013; Stoller and 
Wax 1973, Werle et al. 2014a).  Thus, our results could be used only for the regions 
where giant ragweed populations still present a monophasic short emergence period 
during early-season. 
Since giant ragweed is a vigorously growing weed, care must be taken for its 
control during its young stage. Complete soybean yield loss has been reported in highly-
infested glyphosate-resistant giant ragweed field (51plants m
-2
) when plants were allowed 
to compete with soybean throughout growing season (Kaur et al. 2014). Early spring 
tillage or selected preplant herbicides such as 2,4-D, or saflufenacil application followed 
by in-crop herbicides can effectively control giant ragweed throughout the growing 
season (Kaur et al. 2014; Jhala et al. 2014a). Knowledge of peak periods of weed 
emergence can help growers to decide the best time for weed control and subsequently 
reduce seed bank deposits. The results of this study suggested that early spring tillage 
will be an effective alternate for management of giant ragweed in Nebraska. Due to 
increasing issues of herbicide-resistant weeds, using a multifaceted approach that 
includes cultural, mechanical, and chemical practices for weed control can help prevent 
the evolution and spread of herbicide resistant biotypes (Norsworthy et al. 2012). 
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Table 2.1. Influence of timing of tillage on giant ragweed total seedling 
emergence and time to 50% seedling emergence (T50).  
Year Treatment Total emergence T50
a
 
 
2012 
 
No-Till 
(seedlings m
-2
) 
1,690 A 
(day of year) 
78 (Mar 18) A 
 1
st
 Tillage (Apr 04) 1,598 A 78 (Mar 18) A 
 2
nd
 Tillage (Apr 19) 1,759 A 77 (Mar 17) A 
 3
rd
 Tillage (May 04) 1,527 A 77 (Mar 17) A 
 4
th
 Tillage (May 17) 1,102 A 78 (Mar 18) A 
2013 No-Till 658 a 105 (Apr 15) a 
 1
st
 Tillage (Apr 18) 346 a 103 (Apr 13) a 
 2
nd
 Tillage (May 02) 545 a 104 (Apr 14) a 
 3
rd
 Tillage (May 16) 631 a 105 (Apr 15) a 
 4
th
 Tillage (May 30) 533 a 105 (Apr 15) a 
P-value Treatment 0.088 0.061 
 Year 0.003 <0.001 
a Means within a column followed by the same letter are not different at P ≤ 
0.05. 
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 Figure 2.1. Daily average air temperature (C) in 2012 and 2013 and the 30-yr average 
(1982-2011) at David City, NE. Weather data was obtained from the High Plains 
Regional Climate Center (HPRCC; http://www.hprcc.unl.edu).   
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Figure 2.2. Emergence pattern of a glyphosate resistant giant ragweed population at 
David City, NE. As no differences were detected among tillage treatments, all the data 
within an experimental year were combined. Solid and dashed lines represent the best fit 
of the logistic function (Equation [1]) to the data of 2012 and 2013 
(y=100×{1/[1+exp(50.5447-0.6092×DOY)]}) , (y=100×{1/[1+exp(21.9265-
0.2100×DOY)]}), respectively. DOY = day of year. 
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Figure 2.3. Daily soil matric potential (ψ, kPa) at 2-cm depth estimated by soil 
temperature and moisture software (STM
2
) during the weed emergence study.  
 
 
 
Figure 2.4. Corrected Akaike’s Information Criterion (AICc) of predictive models for 
giant ragweed emergence based on cumulative thermal time (TT) and hydrothermal time 
(HTT) (base matric potential [ψbase] = -33, -750, and 1,500 kPa) with base temperature 
(Tbase) ranging from 2 to 17 C. As reference, AICc for the model using day of the year as 
explanatory variable was equal to 15,943. 
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Figure 2.5. Emergence pattern of a glyphosate resistant giant ragweed population at 
David City, NE. Accumulation of thermal time (Tbase = 4 C) started on January 1. 
Predictive model: CE = 100 x {1 – exp[– exp(–22.16340) x (GDD4.67652)]}. According to 
the predictive model, 10, 50 and 90% cumulative emergence are expected to occur at 71, 
106 and 137 GDD. RMSE = 8.71 and ME = 0.958.
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Table 2.2.  Growing degree days (GDD) required for 10, 50 and 90% emergence of giant 
ragweed and the estimated Day of Year (DOY) in 2012 and 2013 at David City, NE. 
 
Cumulative 
emergence GDD 2012 DOY-2012 2013 DOY-2013 
10% 71 3/11/2012 71 4/6/2013 96 
50% 106 3/15/2012 75 4/14/2013 104 
90% 137 3/17/2012 77 4/26/2013 116 
 
 
 
Figure 2.6. Graph depicting the relation between thermal time (starting from 
January 1) and Day of Year (DOY) in 2012 and 2013 at David City, NE.  
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GROWTH RESPONSE OF GLYPHOSATE-RESISTANT GIANT RAGWEED TO 
WATER STRESS CONDITIONS  
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ABSTRACT 
 Glyphosate-resistant giant ragweed is an economically important weed of eastern and the 
mid-western corn and soybean production fields in United States. Drought conditions can result 
in water deficit that may influence giant ragweed growth and reproduction. To date, no studies 
have evaluated the response of giant ragweed to water stress. The objectives of this study were to 
determine the effect of degree and duration of water stress on growth and seed production of 
glyphosate-resistant giant ragweed. Experiments were conducted under greenhouse conditions 
and a four parameter log-logistic model was used to regress giant ragweed plant height, number 
of leaves, chlorophyll index, and growth index. The study of degree of water stress included 
response of giant ragweed to 100% (no stress), 75% (light stress), 50 % (moderate stress), 25 % 
(high stress), and 12.5% (severe stress) of pot (soil) water content. Giant ragweed plants exposed 
to water stress at 75% of pot water content (light stress) achieved maximum height (140-cm), 
leaf number (58 leaves plant
-1
), and growth index (588 cm
3
). Maximum root and shoot biomass 
was produced at 100% of pot water content (no stress) and was reduced 46 to 96% at ≤ 50%  pot 
water content (moderate stress). Plants exposed to water stress at ≤ 50% of pot water content 
(moderate stress) produced ≤ 7 seeds plant-1 compared with 98 seeds plant-1 at 100% of pot water 
content (no stress). The study for duration of water stress included response of giant ragweed to 
watering at 2, 4, 6, 8, and 10 d intervals. Results indicate that > 4 d of water stress interval 
reduced giant ragweed plant height ≥ 20%, root and shoot biomass ≥ 66%, leaf number ≥ 36%, 
growth index ≥ 54%, and seed production by 36% compared with 2 d of water stress interval. 
The chlorophyll index varied from 29 to 36% and was not affected by degree or duration of 
water stress. Results from this study indicate reduction in giant ragweed growth and seed 
production at < 50% of pot water content or water stress intervals > 4 d.  
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Nomenclature: Giant ragweed, Ambrosia trifida L. 
Key words: Aboveground biomass, belowground biomass, moisture stress, seed production. 
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INTRODUCTION 
 
Giant ragweed (Ambrosia trifida L.) is an early emerging, problematic summer annual 
weed of agronomic crops. It is also found in drainage ditches, roadsides, and other non-
agricultural areas (Johnson et al. 2006). Giant ragweed is native to North America and is widely 
distributed throughout the United States and southern Canada (Barnett and Steckel 2013; 
Harrison et al. 2001). It has been rated among the 10 most expensive to manage agricultural 
weeds in Minnesota, Nebraska, and Ohio (Jordan 1985; Loux and Berry 1991).  
Giant ragweed emergence starts in late March and continues until early summer (end of 
May) (Johnson et al. 2006). Early and prolonged emergence pattern of giant ragweed makes it a 
highly competitive weed in terms of light, nutrients, and moisture (Abul-Fatih and Bazzaz 
1979a). Giant ragweed competition has been studied in corn (Zea mays L.), cotton (Gossypium 
hirsutum L.), and soybean [Glycine max (L.) Merr.] that resulted in yield reduction in the range 
of 10-75% depending on giant ragweed density and crop (Barnett and Steckel 2013; Harrison et 
al. 2001; Webster et al. 1994). Indiscriminate use of glyphosate in glyphosate-tolerant crops over 
the past several years has led to the evolution of glyphosate-resistant giant ragweed biotypes in 
12 states, including Nebraska (Heap 2015). Many cotton and soybean growers with glyphosate-
resistant giant ragweed in their fields are unable to control it due to limited effective POST 
herbicides (Steckel 2007; Steckel et al. 2011).  
Giant ragweed seeds undergo physiological and covering structure enforced (CSE) 
dormancy (Schutte et al. 2012). In order to break dormancy, seeds require cold stratification that 
is achieved by overwintering seeds under cool and moist soil conditions (Ballard et al. 1996). 
Giant ragweed seeds are large (0.5 – 1.1 cm) and store sufficient amount of food reserves to 
make seedlings tolerant to stress factors and promote germination from deeper depths (Abul-
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Fatih and Bazzaz 1979b; Johnson et al. 2006). Giant ragweed has low fecundity and seed 
survival rate compared with other annual weed species (Harrison et al. 2001). In addition, the 
viability and germination of giant ragweed seed depends on several factors, including the seed 
burial depth, soil temperature, and available moisture (Abul-Fatih and Bazzaz 1979b; Stoller and 
Wax 1974). 
Boyer (1982) ranked water stress as the most important biotic factor that severely reduces 
crop yield. For instance, Saini and Aspinall (1981) found that water stress has a negative effect 
on pollen production and fertility in wheat (Triticum aestivum L.) that eventually leads to low 
seed production during life cycle. Westcott and Jewison (2012) observed significant reduction in 
corn and soybean yields due to drought indicating that water deficit conditions during critical 
stages of plant growth can reduce crop productivity. Water stress reduced height, weight, and 
leaf area in vegetable amaranth (Amaranthus viridis L). (Liu and Stutzel 2002), and caused leaf 
wilting, and decreased water potential in transgenic tobacco (Nicotiana tabacum L.) (Kishor et 
al. 1995). In a 2-yr giant ragweed emergence study in Nebraska, 3-fold reduction in emergence 
was observed in 2013 compared with 2012, due to the effect of drought on seed production 
(Werle et al. 2013).  
Response of water stress has been studied in limited weed species. For example, Chauhan 
(2013) reported a significant decline in seed production in Itchgrass [Rottboellia cochinchinensis 
(Lour.)] i.e. 560 and 9 seeds plant
-1
 at 75% and 12.5% of field capacity, respectively. Similarly, 
4-fold less seed production was observed at 12.5% of field capacity compared to 100% field 
capacity in junglerice (Echinochloa colona L.) (Chauhan and Johnson 2010). Additionally, there 
was decrease in plant height, biomass, and seed production with increasing duration of water 
stress in junglerice (Chauhan and Johnson 2010). It was observed that junglerice was more 
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vigorous than rice (Oryza sativa L.) when both were grown together under water stress 
conditions. Webster and Grey (2008) showed a linear relationship between water volume and 
seed production in Benghal dayflower (Commelina benghalensis L.), indicating that water 
deficiency inhibits growth and reproduction. This indicates that water deficit, both in terms of 
degree and duration is negatively associated with growth and fecundity of plant. Scientific 
literature is not available on the effect of water stress on growth and seed production of 
glyphosate-resistant giant ragweed. The objectives of this study were to determine the effect of 
degree and duration of water stress on growth and seed production of glyphosate-resistant giant 
ragweed.  
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MATERIAL AND METHODS 
 
Seeds of glyphosate-resistant giant ragweed were collected in the fall of 2013 from David 
City, NE and stored in a freezer (0° C) for 2 mo to break the dormancy. The giant ragweed 
biotype from this field was confirmed to be two to six-fold resistant to glyphosate compared with 
glyphosate-susceptible biotype (Sandell et al. 2011). Seeds were sown in germination trays 
measuring 58 x 42 x 15 cm. After emergence, seedlings were transplanted, when 5-cm tall, into 
free-draining pots (26-cm in diam and 48-cm deep). The soil used in pots was collected from a 
field near Lincoln, NE where no residual herbicides were sprayed for last 5 years. The soil type 
was silt-loam (25% clay, 24% sand and 51% silt) with a pH of 6.1, 1.38 g cm
-3
 bulk density, and 
2.8% organic matter. Pot (soil) water content of the pot was determined by modifying the 
procedure described by Steadman et al. (2004). Pots were filled with 10 kg of dry soil and were 
weighed. The pots were watered to saturation and covered to prevent evaporation and allowed to 
drain for 36 h. The fresh weight of the pots was measured to calculate the pot water content.  
Pot water content= [(Ww - Wd)/d]                                              [1] 
Where, Ww  is wet weight of the soil along with the pot, Wd is the dry weight of the soil 
along with the pot and d is the density of water i.e. 1 g cm
-3
 
 Modifying the previous procedures explained by Chauhan (2013), Chauhan and Johnson 
(2010), and Webster and Grey (2008), two greenhouse experiments were conducted to determine 
the response of glyphosate-resistant giant ragweed to water stress conditions. The first 
experiment included degree of water stress treatments: 12.5% (severe stress), 25% (high stress), 
50% (moderate stress), 75% (light stress), and 100% (no stress) of pot water content. The 
required volume of water was applied at 2 d intervals. In the second experiment, five durations of 
water stress were maintained: 2-, 4-, 6-, 8-, and 10-d intervals. In the second experiment, 100% 
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of pot water content of water was applied in each treatment. Pots in both experiments were 
arranged in a randomized complete block design with 5 replications. Both experiments were 
repeated under the same greenhouse conditions at 22 to 28° C and 14 h photoperiod. 
 In both experiments, data were recorded on plant height, leaves per plant, chlorophyll 
index, and plant girth at 14 d interval until giant ragweed maturity. Growth index was calculated 
using the equation (Dhir and Harkess 2011; Irmak et al. 2004):  
GI (cm
3
) = 3.14*(w/2)
2
*h                                                       [2] 
where, w is the width of the plant calculated as an average of two widths, one measured 
at the widest point and another at perpendicular to the first; and h is the plant height measured 
from soil surface to the last stem-node at the top. The chlorophyll index was calculated by 
measuring chlorophyll content of three randomly selected leaves using SPAD 502-plus 
instrument (Konika Minolta Sensing Americas Inc., New Jersey). After 18 wk of transplanting, 
plants were removed from the pots and the roots were gently washed to remove soil particles. 
Roots, stems, and leaves were separated, placed in separate paper bags and oven dried at 70° C 
for 72 h to determine dry weight. Root biomass and shoot biomass were determined. Seeds were 
harvested manually and total number of seeds produced by each plant was counted.  
STATISTICAL ANALYSIS 
Data were subjected to ANOVA using PROC MIXED procedure in SAS (9.3 SAS 
Institute Inc. Cary, NC 27513) to test for significance (P < 0.05) of experimental runs, 
treatments, and replications for various response variables including plant height, growth index, 
leaf number, seed production, shoot and root biomass, and chlorophyll index. Normality test was 
performed for all the response variables. Data were pooled because there was not a significant 
treatment-by-experiment interaction (Appendix B; Appendix C). Data for plant height, leaf 
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number per plant, chlorophyll index, and growth index were regressed over both degree and 
duration of water stress using a four-parameter logistic model using the drc (drc 1.2, Christian 
Ritz and Jens Strebig, R2.5, Kurt Hornik, online) package in software R (R statistical software, R 
Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org) (Knezevic et 
al. 2007; Seefeldt et al. 1995). 
Y = C + {D – C / 1 + exp [B (logX – logE)}]                                            [3] 
In this model, Y is the response (plant height, leaves plant
-1
 or growth index), C is the 
lower limit considered as ‘0’, D is the upper limit (maximum plant height, leaves plant-1 or 
growth index), B is the slope of line, E is the time to reach 50% of maximum value of response 
variable (final plant height, leaves plant
-1
 or growth index) and X is the water stress in terms of 
degree and duration.  
Data for seed production per plant were subjected to ANOVA and means were separated 
using LSD at the 5% level of significance. Root and shoot biomass data were analyzed using 
fisher protected LSD tests and plots were generated using Microsoft excel.   
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RESULTS AND DISCUSSION 
 
EFFECT OF DEGREE OF WATER STRESS 
  
 The degree of water stress affected plant height, number of leaves, and seed production 
(P < 0.05) of glyphosate-resistant giant ragweed. Plant height followed a sigmoid pattern with a 
maximum height of 140-cm at 16 weeks after transplanting (WAT) at 75% pot water content 
which was comparable to 125-cm at 100% pot water content (Figure 3.1a; Table 3.1). At ≥ 50% 
pot water content, plants were taller compared with ≤ 25% pot water content. Plant height 
decreased by 51 and 77% at 25 and 12.5% pot water content, respectively, at 18 WAT compared 
with maximum height (140-cm) achieved at 75% pot water content. Similar results were 
observed in jungle rice response to water stress conditions, where maximum and minimum 
height was recorded at 75% and 12.5% of pot water content, respectively (Chauhan and Johnson 
2010). Number of leaves per plant followed a similar sigmoidal trend (Figure 3.1b; Table 3.1). 
Plants irrigated at 100 and 75% of pot water content produced ≥ 57 leaves plant-1. Number of 
leaves per plant decreased by 72 and 88% at 25 and 12.5% pot water content, respectively (Table 
3.1). In contrast, Chauhan (2013) reported the highest leaf number in itchgrass at 75% compared 
with 100% field capacity. 
There was no difference in plant girth in response to different degrees of water stress (pot 
water content); therefore, data were combined to estimate growth index. Growth index followed 
a decreasing trend as the pot water content decreased (Figure 3.1c). At 12.5% pot water content, 
growth index decreased by ≥ 92% compared to growth index of 588- and 416-cm3 at 75 and 
100% pot water content, respectively. Compared with 75% pot water content (588 cm
3
), growth 
index decreased 53 and 78% at 50 and 25% pot water content, respectively. A negative 
correlation between shoot and root biomass and degree of water stress was observed at maturity 
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(Figure 3.2a; Figure 3.2b). Shoot biomass weighed 2.1 g plant
-1 
at 12.5% of pot water content 
compared with a maximum of 20.8 g plant
-1 
at 100% pot water content. Plants exposed to stress 
at ≥ 50% pot water content, produced higher shoot biomass (> 6 g plant-1) compared with ≤ 25% 
pot water content treatment (< 3 g plant
-1
). Similarly, Chauhan (2013) reported similar shoot 
biomass in itchgrass at ≥ 50% field capacity compared with 81% reduction in shoot biomass at 
12.5% field capacity. Root biomass was affected by degree of water stress as evidenced by 46, 
62, and 96% reduction at 50, 25, and 12.5% pot water content, respectively, compared to 59 g 
plant
-1 
produced at 100% pot water content. Ge et al. (2012) reported approximately 30% 
reduction in total biomass accumulation at 35% field capacity in summer maize compared to 
75% field capacity.  
The degree of water stress (pot water content treatments) had a significant influence on 
seed production. For example, giant ragweed plants produced ≥ 87 seeds plant-1 at ≥ 75% pot 
water content compared to 45, 25, and 8 seeds plant
-1 
at 50, 25, and 12.5% pot water content, 
respectively (Figure 3.2c). The chlorophyll index was in the range of 29 to 36% and was not 
affected by the degree of water stress (data not shown).  
EFFECT OF DURATION OF WATER STRESS 
 A sigmoidal response of plant height, leaf number, and seed number was observed due to 
varying duration of water stress treatments. Maximum plant height (152-cm) occurred at 4-d 
interval of water stress, which was higher than value of plant height (127-cm) observed at 2-d 
watering interval (Figure 3.3a; Table3.2). This is due to water stagnation and aeration problem 
which reduced plant height at 2-d irrigation interval compared to 4-d. There was 33, 36, and 51% 
reduction in plant height at 6-, 8-, and 10-d water stress intervals, respectively, compared with 
maximum height of 152-cm at 4-d interval. Number of leaves per plant decreased significantly as 
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the duration of water stress prolonged (Figure 3b). The highest number of leaves (44 leaves plant 
-1
) occurred at the 2-d interval of water stress and it was 60% higher than 10-d interval (18 leaves 
plant
-1
) (Table 3.2). Giant ragweed growth index at 2-d interval of water stress was higher (529 
cm
3
) than at ≥ 4-d interval (390 cm3) (Figure 3.3c). Growth index decreased 54, 56, and 60% at 
6-, 8-, and 10-d intervals, respectively, compared to a maximum (529 cm
3
) at 2-d interval.  
Shoot and root biomass of glyphosate-resistant giant ragweed was affected by varying 
duration of water stress. For example, shoot biomass was similar at 2- (18 g plant
-1
) and 4-d (14 
g plant
-1
) intervals, but decreased by 66 and 83% at 6- to 10-d intervals, respectively, compared 
with 2-d interval (Figure 3.4a). The highest root biomass (44 g plant
-1
) was produced at 2-d water 
stress interval (Figure 3.4b) more likely because sufficient available moisture might have 
provided enough opportunity to develop root system. Water stress intervals of 6 d and higher 
resulted in almost similar root biomass (≤ 11 g plant-1). In contrast, Chauhan et al. (2013) 
reported that irrigation intervals of 1- and 6-d produced similar belowground biomass; however, 
up to 71% decrease in root biomass was observed at 12-d irrigation interval in itchgrass. There 
was a large variation in number of seeds plant
-1 
in response to varying duration of water stress. 
Seed production per plant was similar (60 to 110 seeds plant
-1
) at 4-, 6- and 8-d intervals, 
whereas a difference was observed between 2- and 10-d intervals (Figure 3.4c). Surprisingly, at 
10-d water stress interval, plants were able to produce an average of 21 seeds plant
-1
. No 
differences were observed in chlorophyll content that ranged from 31 to 36% at different water 
stress intervals.  
Giant ragweed attained maximum plant height, leaf number, seed number, shoot and root 
biomass, and growth index at ≥ 75% pot water content or ≤ 4-d interval of water stress. At 50% 
pot water content, there was no reduction in the growth parameters and number of seeds 
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produced per plant. At 12.5% pot water content, few plants were able to survive, whereas at 10-d 
water stress interval all the plants survived and produced seeds that indicate that giant ragweed is 
more sensitive to degree of water stress in contrast to duration of water stress. Nevertheless, the 
moisture level below 50% pot water content or > 4-d water stress interval can decrease giant 
ragweed growth and seed production potential but it will also result in crop yield loss mainly due 
to reduced crop growth and increased crop-weed competition. Previous studies have shown that 
giant ragweed is a highly competitive weed since 1 to 2 plants m
-1
 can result in significant yield 
losses in crops (Barnett and Steckel 2013; Harrison et al. 2001; Baysinger and Sims 1991).    
Recent research suggests that season-long control of glyphosate-resistant giant ragweed 
can be achieved with herbicide programs containing a preplant application of 2,4-D or 
saflufencial followed by PRE and POST herbicides in soybean (Kaur et al. 2014; Jhala et al. 
2014). This underscores the importance of adequate soil moisture availability for activating PRE 
herbicides and optimizing the efficacy of POST herbicides for satisfactory giant ragweed control 
which in turn help protect crop yields. Patterson (1995) reported reduced herbicide entry into the 
plant due to thickening of plant cuticle caused by soil moisture stress. Results from this study 
demonstrate considerable reduction in giant ragweed growth and fecundity at sub-optimal field 
capacities (< 50%) or longer water stress intervals (> 4-d). However, both corn and soybean 
require soil moisture to be above 50% of field capacity to avoid significant reduction in yield 
(Kranz et al. 2008; Kranz and Sprecht 2012). Therefore, favorable soil moisture regimes will 
occur throughout the growing seasons of irrigated corn and soybean which will allow giant 
ragweed to optimally grow, reproduce, and interfere with the crop. Therefore, future research 
should focus on determining the response of corn, soybean, and giant ragweed to water deficit 
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conditions in direct competition under field conditions as well as efficacy of POST herbicides 
affected by water stress. 
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Table 3.1. Regression parameters of four-parameter logistic model
a
 fitted to glyphosate-resistant giant ragweed plant height, leaf number, and growth index at 
different degrees of water stress (pot water content). 
 
 
a        /1   exp log  logY c d c b x e       ; where, Y is the plant height, leaves plant
-1
, or growth index at time x (DAT); c is the lower limit considered as 
0; d is the estimated maximum plant height or leaf number or growth index, e is the time taken to reach 50% of final height, leaf number, or growth index, b is 
the relative slope around the parameter e. 
b 
Values in the parenthesis are standard error of mean. 
c
 Growth index = 3.14*(w/2)
2
*h; where, w is the width of the plant, and h is the plant height. 
  
Pot water content b d
 b
 e b d
b
 e b d
bc
 e 
% 
_________ 
Plant height (cm)
  ________
 
________
Leaves plant
-1________
 
________
Growth index
________
 
100 (no stress) -1.5(0.5) 125(24.4)ab 6(1.9) 2.4(1.1) 57(10.9)a 7(1.5) -3.7(1.5) 416(29.5)b 4(0.5) 
75 (light stress) -1.6(0.4) 140(22.1)a 6(1.6) 1.4(0.8) 58(30.6)a 9(7.2) -2.3(0.9) 588(95.2)a 6(1.3) 
50 (moderate stress) -1.5(0.3) 112(13.1)b 6(1.1) 1.5(0.6) 39(10.4)a 6(2.7) -7.2(6.8) 274(13)c 4(0.5) 
25 (high stress) -1.6(0.5) 69(9.2)c 5(1.0) 2.1(2.6) 16(2.6)b 2(0.5) -16.2(53) 128(6.7)d 4(1.6) 
12.5 (severe stress) -1.9(0.4) 32(3.5)d 2(0.9) 2.7(2.9) 7(1.3)c 18(5.2)     0 32(3.5)e 2(0.9) 
5
6
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Table 3.2. Regression parameters of four-parameter logistic model
a
 fitted to glyphosate-resistant giant ragweed plant height, leaf number and growth 
index at different water stress intervals. 
 
Duration of 
water stress 
b d
 b
 e b d
b
 e b d
bc
 e 
Days 
________ 
Plant height (cm)
 ________
 
________
Leaves plant
-1________
 
________
Growth index
________
 
2 -1.9(0.3)
 
 127(3.9)b 5(0.6) -2.3(1.1) 44(5.1)a 5(0.9) -3.4(1.3) 529(36.6)a 4(0.5) 
4 -1.5(0.4) 152(13)a 6(2.1) -2.3(0.9) 29(14.7)ab 4(4.5) -7.1(9.3) 390(30.3)b 4(0.7) 
6 -1.7(0.5) 102(5.1)c 5(1.0) -7.3(6.7) 28(4.9)b 3(1.0) 19.2(49.1) 241(14.3)c 3(1.4) 
8 -1.8(0.3) 97(2.6)c 4(0.5) -16.2(52.5) 14(0.5)d 2(0.1) -12.5(8.5) 231(12.4)c 3(0.5) 
10 -2.1(0.6) 74(1.9)d 3(0.4) 2.7(2.9) 18(1.4)c 2(0.2) -0.1(0.1) 210(1.2)d 3(0.7) 
a        /1   exp log  logY c d c b x e       ; where, Y is the plant height, leaves plant
-1
, or growth index at time x (DAT); c is the lower limit considered as 
0; d is the estimated maximum plant height or leaf number or growth index, e is the time taken to reach 50% of final height, leaf number, or growth index, b is 
the relative slope around the parameter e. 
b 
Values in the parenthesis are standard error of mean. 
c
 Growth index = 3.14*(w/2)
2
*h; where, w is the width of the plant, and h is the plant height. 
 
 
 
 
 
5
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Figure 3.1. Effect of degree of water stress  on glyphosate-resistant giant ragweed (a) plant height, (b) leaf number, and 
(c) growth index at 2, 4, 6, 8, 10, 12, 14, 16, and 18 WAT in a greenhouse study.  
Abbreviation: PWC, pot (soil) water content; WAT, week after transplanting.  
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Figure 3.2. Effect of degree of water stress on giant ragweed (a) root biomass, (b) shoot biomass, and (c) seed 
production in a greenhouse study at 18 WAT (weeks after transplanting). The vertical bars represent standard error of 
means (n=10). 
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Figure 3.3. Effect of duration of water stress on glyphosate-resistant giant ragweed (a) plant height, (b) leaf number, 
and (c) growth index at 2,4,6,8,10,12,14,16 and 18 WAT (weeks after transplanting) in a greenhouse study. 
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Figure 3.4. Effect of duration of water stress on giant ragweed (a) shoot biomass, (b) root biomass, and (c) seed 
production in a greenhouse study at 18 WAT (weeks after transplanting). The vertical bars represent standard error of 
means (n=10).
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GLYPHOSATE-RESISTANT GIANT RAGWEED CONTROL IN 
GLUFOSINATE-RESISTANT SOYBEAN 
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ABSTRACT 
 
Glyphosate-resistant giant ragweed is one of the most competitive weeds of 
agronomic crops in the United States. Early emergence and rapid growth rate makes giant 
ragweed a competitive weed early in the season and reduces crop yields. Therefore, early 
spring control of giant ragweed using a preplant herbicide is critical. Glufosinate is an 
alternate POST herbicide for weed control in glufosinate-resistant soybean. Field 
experiments were conducted at David City, NE in 2012 and 2013 to evaluate the efficacy 
of preplant herbicides followed by glufosinate applied alone or in tank mixes for control 
of glyphosate-resistant giant ragweed in glufosinate-resistant soybean. Preplant 
treatments containing 2,4-D, flumioxazin, glufosinate, paraquat, saflufenacil, and 
sulfentrazone provided 79 to 99% control of giant ragweed 21 d after treatment (DAT), 
and subsequent application of glufosinate alone or in tank mixes resulted in 90 to 99% 
control at 21 DAT. Preplant application of S-metolachlor plus metribuzin or chlorimuron, 
flumioxazin plus thifensulfuron followed by glufosinate resulted in < 40% control of 
giant ragweed, and soybean yields < 870 kg ha
-1
. Although statistically comparable with 
several other treatments, preplant application of 2,4-D or saflufenacil tank mixes 
followed by glufosinate resulted in the highest level of control (>97%) and soybean yield 
(2,624 to 3,378 kg ha
-1
). This study confirms that preplant herbicide options are available 
for control of glyphosate-resistant giant ragweed, and a follow up application of 
glufosinate will provide season-long control in glufosinate-resistant soybean.  
Nomenclature: 2,4-D amine; acetochlor; cloransulam; chlorimuron; dimethenamid-P; 
flumioxazin, fomesafen; imazethapyr; lactofen; glufosinate; glyphosate; metribuzin; 
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paraquat, S-metolachlor; saflufenacil; sulfentrazone; thifensulfuron-methyl; giant 
ragweed, Ambrosia trifida L.; soybean, Glycine max (L.) Merr. 
Key words: POST herbicides, preplant herbicides, weed control, weed-resistance 
management. 
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INTRODUCTION 
 
Giant ragweed is an annual broadleaf species of the Asteraceae family (Bassett 
and Crompton 1982). Historically, giant ragweed was a weed primarily of ditch banks, 
waste areas, and fence rows (Bryson and DeFelice 2009). However, for the last three 
decades, it has become a competitive weed in agronomic crops, specifically in the eastern 
Corn Belt of the United States (Johnson et al. 2006). A survey conducted in 1985 
reported giant ragweed among the 10 weeds that are most increasing in economic 
importance in Minnesota, Nebraska, and Ohio (Jordan 1985). By 1991, giant ragweed 
was ranked as one of the most problematic weeds in Ohio (Loux and Berry 1991). 
Giant ragweed usually emerges through early spring (end of March) until early 
summer (end of May) (Johnson et al. 2006); however, research in Ohio indicated late 
emerging populations until the second week of July (Harrison et al. 2001). Extremely 
vigorous vegetative growth habit of giant ragweed is due to high photosynthetic rate 
(Bazzaz and Carlson 1979) that makes it very competitive with crops including corn and 
soybean. For example, yield loss in soybean was recorded up to 77% at giant ragweed 
density of 1 plant m
-2 
(Webster et al. 1994). Research shows that season-long interference 
of giant ragweed at 1 plant m
-2
 in soybean and 1 plant 10 m
-2
 in corn (Zea mays L.) 
reduced yields up to 70 and 14%, respectively (Harrison et al. 2001; Webster et al. 1994).  
 Before the commercialization of glyphosate-resistant soybean, control of giant 
ragweed was achieved using a combination of tillage and soil-applied herbicides such as 
imidazolinone herbicides, metribuzin, S-metolachlor, and their tank mixes (Riley 2013). 
However, after commercialization of glyphosate-resistant soybean, application of soil-
applied (PRE) herbicides declined significantly (Young 2006). In addition, the majority 
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of soybean growers adopted reduced or conservation tillage practices (Givens et al. 
2009). Therefore, weed control was primarily through the sequential application of 
glyphosate (Ferrell and Witt 2002). Although glyphosate has been effective for broad-
spectrum weed control, repeated use for several years resulted in evolution of glyphosate-
resistant weeds (Owen and Zelaya 2005; Powles and Yu 2010). By 2014, 28 weed 
species worldwide have evolved resistance to glyphosate, including 14 species in the 
United States (Heap 2014a). 
 Increased prevalence of giant ragweed in corn-soybean cropping systems is due 
to the rapid rate at which evolution of herbicide-resistance occured in this species (Patzoldt 
and Tranel 2002). The acetolactate synthase (ALS)-inhibiting herbicides were extensively 
used for control of broadleaf weeds including giant ragweed (Saari et al. 1994). 
Therefore, over reliance on ALS inhibitors resulted in the evolution of ALS-inhibitor-
resistant giant ragweed (Schultz et al. 2000; Taylor et al. 2002). In 2007, glyphosate-
resistant giant ragweed was confirmed in Tennessee (Norsworthy et al. 2010), and now it 
has been confirmed in at least eleven states (Heap 2014b). In addition, multiple 
herbicide-resistant giant ragweed biotypes have been reported in Ohio and Minnesota 
(Heap 2014b) that have reduced herbicide options for effective management of this 
economically important weed species.  
Glufosinate is a non-selective, broad-spectrum, contact herbicide for vegetation 
control in crop and non-crop areas. Before commercialization of glufosinate-resistant 
crops, glufosinate was applied in fall after crop harvest or early spring as a preplant 
treatment for control of emerged broadleaf and grass weeds (Coetzer et al. 2002). 
Glufosinate-resistant soybean was commercialized in 2009 (Craigmyle et al. 2013a) 
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providing flexibility of in-crop application of glufosinate applied once or in a sequential 
application depending on weed density and size (Beyers et al. 2002). Several studies 
reported excellent weed control in glufosinate-resistant soybean with POST-applied 
glufosinate (Beyers et al. 2002; Norsworthy et al. 2010; Wiesbrook et al. 2001). 
However, glufosinate-resistant soybean has not been widely adopted by soybean growers 
in Nebraska (I Schleufer, personal communication). This scenario may change in the 
future due to the evolution of glyphosate-resistant weeds and limited effective POST 
herbicide options in soybeans. For example, after evolution of glyphosate-resistant 
Palmer amaranth [Amaranthus palmeri (S.) Wat] in glyphosate-resistant cotton 
(Gossypium hirsutum L.) in the Southeast and Midsouth regions of the United States, 
growers have rapidly adopted WideStrike® cotton (cultivar resistant to glyphosate, 
glufosinate, and lepidopteran pests) (Barnett et al. 2013a) and glufosinate-resistant 
soybean.  
Glufosinate has been reported as one of the most effective herbicides for 
controlling glyphosate-resistant giant ragweed in a greenhouse study (Norsworthy et al. 
2010). Limited literature is available for control of glyphosate-resistant giant ragweed in 
glufosinate-resistant soybean under field conditions (Riley et al. 2014). Therefore, the 
objectives of this research were to evaluate the efficacy of preplant herbicides for early 
season control of giant ragweed, and the subsequent application of glufosinate applied 
alone or in tank mixes on giant ragweed control, density, biomass, and soybean yield. We 
hypothesized that preplant herbicides applied in early spring, followed by in-crop 
application of glufosinate applied alone or in tank mixes would provide season-long 
control of glyphosate-resistant giant ragweed and would increase soybean yield. 
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MATERIAL AND METHODS 
Field experiments were conducted at David City, NE in 2012 and 2013 in a 
grower’s field infested with glyphosate-resistant giant ragweed. The history of the site is 
heavy reliance on glyphosate for weed control at least two times each season for the last 
eight years in a continuous glyphosate-resistant soybean system. Giant ragweed from this 
field was confirmed glyphosate-resistant in 2011. Therefore, the site was selected based 
on a dense infestation of glyphosate-resistant giant ragweed. Soil texture of the 
experimental site was silty loam with pH of 5.4, 18% sand, 50% silt, 32% clay, and 2.1% 
organic matter. The experiment was laid out in a randomized complete block design with 
four replications. Glufosinate-resistant soybean (Cv. ‘Stine S100211’) was planted on 
May 7 and May 24 in 2012 and 2013, respectively. The seeds were planted 3-cm deep 
and spaced 76-cm between rows. The plot size was 3 x 9 m and comprised four soybean 
rows. A total of twelve herbicide programs including preplant followed by POST 
herbicides were compared for control of glyphosate-resistant giant ragweed (Table 4.1). 
A nontreated control was included for comparison. The application rates of herbicides 
were selected based on recommended labeled rates.  
Herbicides were applied with a CO2-pressurized backpack sprayer calibrated to 
deliver 140 L ha
-1
 at 276 kPa equipped with a five-nozzle boom fitted with AIXR 11015 
flat-fan nozzles (TeeJet, Spraying Systems Co., P. O. Box 7900, Wheaton, IL 60189). 
Herbicide treatments were applied as preplant (April 23, 2012 and May 16, 2013), early 
POST (June 12, 2013 and June 28, 2013), and Late POST (July 3, 2013 and July 19, 
2013). An application of glufosinate at 594 g ai ha
-1
 was applied to the entire test site 
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(except nontreated control plots) on July 3 and 19 in 2012 and 2013, respectively. The 
experimental site was under rain-fed conditions during both years.  
During both years, data were collected for visual estimates of giant ragweed 
control on a scale of 0 to 100% (0 equals no control and 100 equals complete control) at 
7, 14, and 21 d after preplant burndown treatment (DABT); 7 and 21 d after early-POST 
herbicide treatments, and at crop harvest. Herbicide injury symptoms on soybean, if any, 
were recorded on a scale of 0 to 100% (0 equals no injury and 100 equals plant death) at 
7, 14, and 21 d after herbicide treatments. Giant ragweed densities and biomass were 
assessed from two randomly selected 0.25-m
2
 quadrats per plot one week before soybean 
harvest. Giant ragweed that survived herbicide treatments were cut at the stem base close 
to the soil surface, placed in paper bags, dried in an oven for 72 h at 50 C, and the 
biomass was recorded. Soybean was harvested using a plot combine and yields were 
adjusted to 13% moisture content. The weed control efficiency (WCE) was calculated 
using an equation, 
WCE (%) = [(A 
_
 B)/A] x 100                                                              [1] 
                       
where WCE represents weed control efficiency; A represents biomass dry weight of 
nontreated control plots, B represents biomass dry weight of treatment plot. 
STATISTICAL ANALYSIS  
Data were subjected to ANOVA using the PROC MIXED procedure in SAS 
version 9.3 (SAS Institute Inc, Cary, NC). Herbicide treatments were the fixed effects, 
while year (nested within replication) was considered a random effect. Before analysis, 
data were tested for normality with the use of PROC UNIVARIATE. Visual estimations 
of giant ragweed control, density, and biomass data were arcsine square-root transformed 
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before analysis; however, back-transformed data are presented with mean separation 
based on transformed data. Due to a significant year by treatment interaction for soybean 
yield, the yield data of both years were analyzed separately using the PROC MIXED 
procedure. Herbicide treatments and years were considered fixed effects in the model, 
whereas replication was a random effect. Where the ANOVA indicated treatment effects 
were significant, means were separated at P ≤ 0.05 using Tukey-Kramer’s pairwise 
comparison test. 
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RESULTS AND DISCUSSION 
Control of glyphosate-resistant giant ragweed varied among preplant treatments 
(Table 4.2). Treatments including glufosinate, paraquat, or saflufenacil alone or in tank 
mixes resulted in 91 to 97% giant ragweed control at 7 DABT. Owen et al. (2011) 
reported > 90% control of glyphosate-resistant horseweed [Conyza canadensis (L.) 
Cronq.] with saflufenacil applied at 7 or 14 d before planting no-till cotton. At 14 DABT, 
2,4-D, sulfentrazone plus cloransulam, and flumioxazin plus chlorimuron resulted in 75 
to 90% control that was comparable with glufosinate, paraquat, and saflufenacil alone or 
in tank mixes with 2,4-D or imazethapyr plus dimethenamid-P. Norsworthy et al. (2011) 
reported > 95% control of glyphosate-susceptible and -resistant giant ragweed biotypes 
with carfentrazone, cloransulam, and fomesafen. S-metolachlor plus metribuzin and 
chlorimuron plus flumioxazin plus thifensulfuron provided the lowest giant ragweed 
control (≤ 50%) at 21 DABT. Although comparable with several other treatments, 2,4-D 
and saflufenacil alone or in tank mixes resulted in 88 to 99% giant ragweed control at 21 
DABT. Similarly, Barnett et al. (2013b) reported 90% control of glyphosate-resistant 
giant ragweed with 2,4-D at 30 d after application.  
Glufosinate applied alone or in tank mixes was effective for control of giant 
ragweed and prevented regrowth from any partially controlled plants that were not 
completely eliminated with the preplant treatment (Table 4.2). Preplant herbicides 
followed by early POST application of glufosinate usually resulted in 88 to 100% giant 
ragweed control at 7 d after treatment. Similarly, Eubank et al. (2008) reported ≥ 88% 
control of horseweed with glufosinate applied alone at four weeks after treatment. At 21 
d after early POST glufosinate application, treatments with preplant application of S-
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metolachlor plus metribuzin and chlorimuron plus flumioxazin plus thifensulfuron 
provided ≤ 60% control compared with other treatments. This might be due to the fact 
that giant ragweed control was poor (≤ 50% at 21 DABT) in these preplant treatments, so 
by the time glufosinate was applied, giant ragweed plants were more than 55 cm tall. 
Weed size is one factor influencing degree of control achieved with glufosinate. For 
example, Craigmyle et al. (2013a) found that giant ragweed, common waterhemp 
(Amaranthus rudis Saur.), and cocklebur (Xanthium strumarium L.) control was reduced 
with glufosinate applied to 30-cm compared to 15-cm plants. Preplant application of 
glyphosate was not effective due to the fact that giant ragweed was resistant to 
glyphosate. Early-POST application of glufosinate plus cloransulam plus acetochlor 
resulted in 94% control at 7 and 21 d after treatment. Although comparable with several 
other treatments, 2,4-D applied alone or with saflufenacil resulted in 99% giant ragweed 
control. This indicated that preplant program was critical for early season control of giant 
ragweed. Chahal and Johnson (2012) found that glufosinate tank mixed with 2,4-D 
provided > 80% control of glyphosate-resistant horseweed and common lambsquarters 
(Chenopodium album L.). Soybean injury was < 10% and transient, so did not impact 
soybean yields in any treatment in this study (data not shown). 
Giant ragweed densities differed between herbicide treatments (Table 4.3). The 
nontreated control had the highest number of giant ragweed plants (51 m
-2
). The 
treatments with preplant application of 2,4-D or saflufenacil tank mixes followed by 
glufosinate resulted in no giant ragweed plants and reflected 99% control. Barnett et al. 
(2013b) reported giant ragweed density of 2.8 plants m
-2
 after 30 d of 2,4-D applied alone 
compared to 0.3 plant m
-2
 when 2,4-D was tank mixed with glufosinate. The results of 
73 
 
giant ragweed control and density were reflected in biomass. The nontreated control plots 
had the highest biomass (674 g m
-2
). Although comparable with several other treatments, 
herbicide programs including a 2,4-D preplant application resulted in no biomass that 
resulted in 100% WCE. Similarly, Robinson et al. (2012) reported giant ragweed biomass 
as low as 0.1 g plant
-1
 with 2,4-D applied at 280 to 1,120 g ae ha
-1
. 
A significant year-by-treatment interaction for soybean yield occurred due to 
severe drought condition in 2012, hence, soybean yield results are presented separately 
by year (Table 4.3). The effect of herbicide treatments did not correlate to the yield data 
in 2012. For example, despite the fact that giant ragweed control was >90%, most of the 
treatments resulted in zero yield, because of severe drought in 2012. The nontreated 
control resulted in no soybean yield in both years. Although comparable with several 
other treatments, 2,4-D in a preplant program followed by glufosinate tank mixes resulted 
in soybean yield >3,000 kg ha
-1
. Tank mixing cloransulam, imazethapyr, or acetochlor 
with glufosinate did not improve giant ragweed control or soybean yield compared with 
glufosinate applied alone, suggesting that preplant treatments were more effective than 
in-crop glufosinate tank mixtures.  
 Results of this study confirmed that glyphosate-resistant giant ragweed is 
extremely competitive; therefore, growers should not allow this weed to remain 
uncontrolled. Several preplant herbicides tested in this study provided effective control 
initially and sequential application of glufosinate alone or in tank mixes provided season 
long giant ragweed control. Riley and Bradley (2014) reported that POST-only 
glyphosate tank mix combinations would not provide season long giant ragweed control 
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in glyphosate-resistant soybean and other management practices, as demonstrated in this 
study, such as preplant followed by POST herbicide program will be needed.  
In summary, results of this study indicate that glyphosate-resistant giant ragweed 
can be effectively controlled in glufosinate-resistant soybean. Preplant application of 
several herbicides, including 2,4-D, flumioxazin, glufosinate, paraquat, saflufenacil, and 
sulfentrazone alone or in tank mixes followed by glufosinate alone or in tank mixes 
resulted in season-long giant ragweed control and greater soybean yields. Italian ryegrass 
(Lolium perenne L. ssp. multiflorum) is the only species in the United States that has 
evolved resistance to glufosinate (Avila-Garcia et al. 2012). Therefore, glufosinate might 
be an additional POST herbicide option for control of glyphosate-resistant weeds in 
glufosinate-resistant soybean. However, use of the same herbicide or herbicides with the 
same site-of-action results in evolution of herbicide-resistant weeds (Powles and Yu 
2010). Therefore, an integrated management approach should be adopted that may 
include tillage, use of herbicides with different site-of-action, rotation of herbicide-
resistant trait, and crop rotation for control of glyphosate-resistant weeds. 
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Abbreviations: ae, acid equivalent; ai, active ingredient; AMS, ammonium sulfate (DSM Chemicals North America Inc., Augusta, GA); COC, crop oil concentrate 
(Agridex, Helena Chemical Co., Collierville, TN); MSO, methylated seed oil (Southern Ag Inc., Suwanee, GA); fb, followed by; NIS, nonionic surfactant (Induce, 
Helena Chemical Co., Collierville, TN); POST, post-emergence. 
a All herbicide treatments were followed by Late-POST application of glufosinate at 594 g ai ha-1 + AMS 2% wt/v. 
b AMS at 2% wt/v, COC or MSO at 1% v/v, and NIS at 0.25% v/v was mixed with herbicides. 
Table 4.1.  Herbicide treatments, application timing, and rates as well as products used in a field study in Nebraska in 2012 and 2013. 
Herbicide common namea   Timing          Rate Trade name Manufacturer Adjuvantb 
       g ae or ai ha-1    
Saflufenacil + imazethapyr +   
    dimethenamid-P fb 
    glufosinate    
Preplant 
Early POST 
95 + 525 
594 
Optill + Outlook 
Liberty 280 
BASF Corporation, 26 Davis Drive, Research Triangle Park, 
NC 27709; Bayer Crop Science, Research Triangle Park, NC 
27709 
AMS + MSO  
AMS  
Sulfentrazone + cloransulam fb  
    glufosinate  
Preplant 
Early POST 
343 
594 
Authority First    
Liberty 280 
FMC Corporations, Philadelphia, PA 19103 
Bayer Crop Science 
AMS + COC             
AMS  
Flumioxazin + chlorimuron fb 
    glufosinate    
Preplant 
Early POST 
85 
594 
Valor XLT 
Liberty 280 
Valent USA Corporation, Walnut Creek, CA, 94596; Bayer 
Crop Sciences 
AMS + COC  
AMS  
S-metalochlor + metribuzin fb 
    glufosinate    
Preplant 
Early POST 
2,050 
594 
Boundary 
Liberty 280 
Syngenta Crop Protection, Inc, Greensboro, NC 27419; 
Bayer Crop Science 
AMS + COC  
AMS  
Chlorimuron ethyl +     
    flumioxazin + thifensulfuron   
    fb glufosinate    
Preplant 
Early POST 
98 
594 
Enlite 
Liberty 280 
DuPont Sustainable Solutions, Wilmington, DE 19880-0013; 
Bayer Crop Science 
AMS + COC  
AMS  
2,4-D amine fb  
    glufosinate + imazethapyr   
Preplant 
Early POST 
560 
594 + 70 
2,4- D Amine 
Liberty 280 + Pursuit 
Winfield Solutions, LLC, ST PAUL, MN 55164 
Bayer Crop Science + BASF Corporation 
AMS + NIS  
AMS + NIS  
Glyphosate fb 
    glufosinate + cloransulam-  
    methyl + acetochlor 
Preplant 
Early POST 
870 
594 + 17.7 + 1,600 
Roundup PowerMax 
Liberty 280 + FirstRate + 
Warrant 
Monsanto Company, 800 North, Lindberg Ave., St. Louis, 
MO; Bayer Crop Science + Dow AgroSciences LLC, 9330 
Zionsville Road, Indianapolis, IN 46268 + Monsanto 
AMS  
AMS + NIS  
AMS + NIS 
Paraquat fb glufosinate  +  
    chlorimuron-ethyl +  
    acetochlor  
Preplant 
Early POST 
560 
594 + 5.8 + 1,600 
Gramoxone SL    
Liberty 280 + Classic + 
Warrant 
Syngenta Crop Protection 
Bayer Crop Science +  DuPont Sustainable Solutions + 
Monsanto 
COC  
 AMS + COC  
           
Glufosinate fb 
    glufosinate fb 
    lactofen 
Preplant 
Early POST 
Late POST 
594 
594 
220 
Liberty 280 
Liberty 280 
Cobra 
Bayer Crop Science 
Bayer Crop Science 
Valent USA Corporation 
AMS  
AMS  
AMS + COC  
Saflufenacil fb 
    glufosinate + acetochlor   
Preplant 
Early POST 
25 
594 + 1,600 
Sharpen 
Liberty 280 + Warrant 
BASF Corporation 
Bayer Crop Science + Monsanto Company 
AMS + MSO   
AMS  
Saflufenacil + 2,4-D amine 
    glufosinate + acetochlor   
Preplant 
Early POST 
25 + 560 
594 + 1,600 
Sharpen + 2,4-D Amine 
Liberty 280 + Warrant 
BASF Corporation + Winfield Solutions 
Bayer Crop Science + Monsanto Company 
AMS + MSO 
AMS  
Saflufenacil + glyphosate fb   
    glufosinate + acetochlor  +   
    imazethypyr   
Preplant 
Early POST 
25 + 870 
594 + 1,600  
+ 70 
Sharpen + Roundup 
PowerMax 
Liberty 280 + Warrant + 
Pursuit 
BASF Corporation + Monsanto Company 
Bayer Crop Science + Monsanto Company + BASF 
Corporation 
AMS + MSO  
AMS + NIS 
7
9
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Table 4.2. Control of glyphosate-resistant giant ragweed at 7, 14, and 21 d after preplant burndown treatment (DABT) and 7 and 21 d after early POST (DAEP) treatment, and at harvest in glufosinate-
resistant soybean in 2012 and 2013 at David City, NEa. 
a Abbreviations: ae, acid equivalent; ai, active ingredient;  fb, followed by. 
b All herbicide treatments were followed by late POST application of glufosinate at 594 g ai ha-1 + ammonium sulfate 2% wt/v. 
c Data were arc-sine square-root transformed before analysis; however, data presented are the means of actual values for comparison based on interpretation from the transformed data. 
d Means within columns with no common letter(s) are significantly different according to Tukey-Kramer’s pairwise comparison test at P ≤ 0.05.  
e Control (0%) data from nontreated plots were not included in analysis. 
Herbicideb Application 
timing 
Rate Giant ragweed control after preplant 
treatmentsc,d 
Giant ragweed control after POST herbicide 
treatmentsc,d 
7 DABT 14 DABT 21 DABT 7 DAEP 21 DAEP At harvest 
  g ae or ai ha-1      __________________________________________%________________________________________________ 
Nontreated controle - - 0 0 0 0 0 0 
Saflufenacil + imazethapyr +   
    dimethenamid-P fb 
    glufosinate    
Preplant 
Early POST 
95 + 525 
 
91 ab 93 a 97 a 97 ab 99 a 99 a 
Sulfentrazone + cloransulam fb  
    glufosinate  
Preplant 
Early POST 
343 
594 
68 c 75 ab 88 ab 95 abc 95 a 92 ab 
Flumioxazin + chlorimuron fb 
    glufosinate    
Preplant 
Early POST 
85 
594 
70 bc 79 ab 79 ab 91 c 94 a 70 abc 
S-metalochlor + metribuzin fb 
    glufosinate    
Preplant 
Early POST 
2,050 
594 
21 d 31 c 35 d 79 c 53 b 25 c 
Chlorimuron ethyl +     
    flumioxazin + thifensulfuron   
    fb glufosinate    
Preplant 
Early POST 
98 
594 
69 bc 58 b 50 cd 80 bc 60 b 32 bc 
2,4-D amine fb  
    glufosinate + imazethapyr   
Preplant 
EarlyPOST 
560 
594 + 70 
66 c 90 a 98 a 99 a 99 a 99 a 
Glyphosate fb 
    glufosinate + cloransulam-  
    methyl + acetochlor 
Preplant 
EarlyPOST 
594 
594 + 17.7 + 1,600 
41 d 32 c 33 d 94 abc 94 a 89 abc 
Paraquat fb glufosinate  +  
    chlorimuron-ethyl +  
    acetochlor  
Preplant 
EarlyPOST 
560 
594 + 5.8 + 1,600 
91 ab 77 ab 80 ab 88 abc 90 a 76 abc 
Glufosinate fb 
    glufosinate fb 
    lactofen 
Preplant 
EarlyPOST 
LatePOST 
594 
594 
220 
91 ab 94 a 91 ab 93 abc 96 a 90 abc 
Saflufenacil fb 
    glufosinate + acetochlor   
Preplant 
EarlyPOST 
25 
594 + 1,600 
97 a 96 a 93 ab 91 abc 90 a 80 abc 
Saflufenacil + 2,4-D amine 
    glufosinate + acetochlor   
Preplant 
EarlyPOST 
25 + 560 
594 + 1,600 
95 a 99 a 99 a 100 a 99 a 99 a 
Saflufenacil + glyphosate fb   
    glufosinate + acetochlor  +   
    imazethypyr   
Preplant 
EarlyPOST 
25 + 870 
594 +1,600 +  
70 
91 ab 96 a 94 a 97 abc 98 a 97 ab 
P- value   <0.0001 <0.0001 <0.0001 0.0071 0.0056 0.0054 
8
0
 
81 
 
 
Table 4.3. Effect of herbicide treatments on glyphosate-resistant giant ragweed density, biomass, weed control efficiency (WCE), and soybean yield in 2012 and 2013 at David City, NEa. 
Herbicideb Application 
timing 
Rate                   Giant ragweedc,d  Soybean yieldd,e 
 Density Biomass WCE 2012 2013 
 g ae or ai ha-1 no. m-2 g m-2 ___%___ ______kg ha-1________ 
Nontreated control  - 51 a 674 a - 0 0 
Saflufenacil + imazethapyr +   
    dimethenamid-P fb 
    glufosinate    
Preplant 
Early POST 
95 + 525 
594 
0 e 0 c 100 a 0 2,741 abc 
Sulfentrazone + cloransulam fb  
    glufosinate  
Preplant 
Early POST 
343 
594 
7 d 53 bc 92 ab 0 2,464 abc 
Flumioxazin + chlorimuron fb 
    glufosinate    
Preplant 
Early POST 
85 
594 
12 c 68 bc 90 ab 0 1,770 abc 
S-metalochlor + metribuzin fb 
    glufosinate    
Preplant 
Early POST 
2,050 
594 
29 b 126 b 81 b 0 586 c 
Chlorimuron ethyl +     
    flumioxazin + thifensulfuron   
    fb glufosinate    
Preplant 
Early POST 
98 
594 
30 b 80 bc 88 ab 0 863 bc 
2,4-D amine fb  
    glufosinate + imazethapyr   
Preplant 
EarlyPOST 
560 
594 + 70 
0 e 
 
0 c 100 a 1,143 a 3,378 a 
Glyphosate fb 
    glufosinate + cloransulam-  
    methyl + acetochlor 
Preplant 
EarlyPOST 
594 
594 +17.7+ 1,600 
6 d 46 bc 93 ab 
 
0 2,363 abc 
 
Paraquat fb glufosinate  +  
    chlorimuron-ethyl +  
    acetochlor  
Preplant 
EarlyPOST 
560 
594 + 5.8 + 1,600 
14 c 76 bc 88 ab 0 1,322 abc 
Glufosinate fb 
    glufosinate fb 
    lactofen 
Preplant 
EarlyPOST 
LatePOST 
594 
594 
143 + 220 
5 d 42 bc 93 ab 0 1,824 abc 
Saflufenacil fb 
    glufosinate + acetochlor   
Preplant 
EarlyPOST 
25 
594 + 1,600 
7 d 40 bc 93 ab 0 1,245 abc 
Saflufenacil + 2,4-D amine 
    glufosinate + acetochlor   
Preplant 
EarlyPOST 
25 + 560 
594 + 1,600 
0 e 0 c 100 a 1,614 b 3,079 ab 
Saflufenacil + glyphosate fb   
    glufosinate + acetochlor  +   
    imazethypyr   
Preplant 
EarlyPOST 
25 + 870 
594 +1,600 + 70 
2 e 5 c 99 ab 0 2,624 abc 
P-value   <0.0001 <0.0001 0.0345 0.005 0.0034 
a Abbreviations: ae, acid equivalent; ai, active ingredient; fb, followed by; WCE, weed control efficiency.  
b All herbicide treatments were followed by late POST application of glufosinate at 594 g ai ha-1 + ammonium sulfate 2% wt/v. 
c Giant ragweed density and biomass data were arc-sine square-root transformed before analysis; however, data presented are the means of actual values for comparison based on 
interpretation from the transformed data. 
d Means within columns with no common letter(s) are significantly different according to Tukey-Kramer’s pairwise comparison test at P ≤ 0.05.  
e Treatments with zero yield values were not included in analysis. Giant ragweed competition and drought condition in 2012 negatively impacted yield.
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CHAPTER 5 
 
 
INFLUENCE OF FALL AND EARLY SPRING APPLICATION OF 
IODOSULFURON PLUS THIENCARBAZONE-METHYL APPLIED ALONE OR 
IN TANK MIXES TO CONTROL GLYPHOSATE-RESISTANT GIANT 
RAGWEED IN NO-TILL CORN  
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ABSTRACT  
 A premix of iodosulfuron plus thiencarbazone-methyl, an acetolactate synthese 
(ALS)-inhibiting herbicide, was recently registered for winter annual broadleaf and grass 
weed control in fall or early spring before planting crops, including corn and soybean. 
Glyphosate-resistant giant ragweed is one of the most troublesome weeds in eastern 
Nebraska and several other states in the United States and Ontario, Canada. It germinates 
early in spring before planting corn and soybean; therefore, fall and/or early spring 
application of residual herbicide(s) is an appropriate method for management. The 
objective of this study was to evaluate efficacy of iodosulfuron plus thiencarbazone 
applied alone or tank-mixed with 2,4-D, dicamba, glyphosate, or metribuzin in fall and 
early spring for control of glyphosate-resistant giant ragweed. Field experiments were 
conducted in a no-till corn field infested with glyphosate-resistant giant ragweed at Clay 
Center and McCool Junction, NE in 2013 and 2014, respectively. The experiment was 
initiated with fall herbicide application in 2012 and 2013 and was followed by an early 
spring, PRE and POST herbicide applications in no-till corn in 2013 and 2014. Results of 
this study suggested that premix of iodosulfuron and thiencarbazone applied alone or in 
split applications in fall or early spring controlled < 60% glyphosate-resistant giant 
ragweed at 28 days after early spring treatment (DAEST). 2,4-D or metribuzin applied in 
fall and early spring resulted in < 73% and < 30 % giant ragweed control, respectively at 
28 DAEST; however when tank mixed with premix of iodosulfuron and thiencarbazone; 
> 92% and > 79% control was observed , respectively, at 28 DAEST. Maximum 
reduction (> 90%) in giant ragweed biomass was observed in treatments including 
dicamba. PRE application of premix of isoxaflutole and thiencarbazone at 78 g ai ha
-1
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tank mixed with atrazine at 560 g ai ha
-1 
could not effectively
 
control glyphosate-resistant 
giant ragweed. Most herbicide treatments were followed by POST application of 
tembotrione at 92 g ai ha
-1
 tank-mixed with atrazine at 560 g ai ha
-1
 and it resulted in > 86 
% control of giant ragweed at 14 days after POST treatment (DAPOST) and > 91 % 
control at 28 DAPOST. This study confirms that early season control of giant ragweed is 
essential and must be followed by POST herbicide application to achieve season long 
control in no-till corn. 
Nomenclature: 2,4-D, dicamba, glyphosate, iodosulfuron and thiencarbazone-methyl, 
metribuzin, corn (Zea mays L.), giant ragweed (Ambrosia trifida L.). 
Keywords: ALS-inhibiting herbicides, early spring herbicide application, fall herbicide 
application, glyphosate-resistance, preplant herbicides, sequential application, no-till 
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Corn is the principal food grain crop grown in the United States, with planting 
area of approximately 33 million hectares in 2013 (USDA 2013). Horowitz et al. (2010) 
estimated that nearly 23.5% of corn acreage was under no-till production system in 2005, 
with a significant increase of no-till acreage in recent years. There is continuous increase 
in no-till production because it has many benefits over conventional production system, 
such as reduced soil erosion, improved water retention, and reduced fuel and labor usage 
(Buhler 1995; Swanton et al. 1993). By 2014, more than 89% of corn acreages were 
grown with herbicide-resistant cultivars in the United States (USDA 2014). Weed control 
is one of the challenges corn growers are facing to achieve optimum production. Fickett 
et al. (2013) investigated that broadleaf species such as Amaranthus spp, common 
lambsquarters (Chenopodium album L.), common ragweed (Ambrosia artemisiifolia L.), 
dandelion (Taraxacum officinale), velvetleaf (Abutilon theorphrasti) caused mean 
predicted corn yield loss of 4.5% with a mean economic loss of $62 ha
−1
.  
Giant ragweed is summer annual broadleaf weed that emerges from March until 
May, however, late-season emergence was observed until the second week of July in 
Ohio and Tennessee (Johnson et al. 2006; Harrison et al. 2001). The early emergence of 
giant ragweed helps in its establishment before planting crops in the spring making it 
competitive weed for light, nutrients, space, and water (Abul-Fatih and Bazzaz 1979). 
The extent of damage that giant ragweed causes to crops, makes it an economically 
important weed to control. For example, yield loss in corn was 90% with a density of 14 
giant ragweed plants 10 m
-2
 (Harrison et al. 2001).  
Glyphosate has been widely used for POST weed control after the 
commercialization of glyphosate-tolerant corn and soybean. The cost effectiveness, 
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flexibility in application timing, and broad-spectrum of weed control made glyphosate a 
popular choice among growers, but repeated use of glyphosate has led to the evolution of 
glyphosate-resistant weeds (Duke and Powles 2008). By 2014, 32 weed species have 
evolved resistance to glyphosate worldwide, including 15 species in the United States 
(Heap 2014). Horseweed (Conyza canadensis) was the first glyphosate-resistant weed 
confirmed in 2000 in Delaware (Vangessel 2001). In 2004, glyphosate-resistant giant 
ragweed was first identified in Ohio (Stachler and Loux 2005). The over-reliance on 
glyphosate for weed control after the commercialization of glyphosate-tolerant corn and 
soybean has led to the evolution of glyphosate-resistant biotypes of giant ragweed in 15 
states, including Nebraska in 2010 (Heap 2014).  
Acetolactacte synthetase (ALS)-inhibiting herbicides are one of the major classes 
of herbicides used in grain crop production because of their broad-spectrum of weed 
control at relatively lower rates and excellent crop safety (Saari et al. 1994). This group 
of herbicides have relatively longer residual activity which results in extended period of 
weed control (Saari et al. 1992) through inhibition of biosynthesis of isoleucine, leucine, 
and valine (Umbarger 1978), and plants eventually die due to lack of amino acids (Tranel 
and Wright 2002). Autumn Super™ (Bayer Crop Science, Research Triangle Park, NC 
27709), a new premix of iodosulfuron-methyl (sufonylurea) plus thiencarbazone-methyl 
(sulfonylaminocarbonyl-triazolinone) was recently registered for post-harvest or preplant 
weed control (Anonymous 2013). It can be used for residual weed control when applied 
to no-till or conservation tillage fields any time after the fall harvest or in early spring at 
least 30 and 60 d prior to planting corn and soybean, respectively. If the soil pH is 7.5 or 
above, soybean plant back should be delayed to a nine month interval (Anonymous 
87 
 
2013). This herbicide rapidly degrades in soil which is enhanced by warm moist soils that 
are microbially active. The labeled rate of this herbicide is 18 g ai ha
-1
 per single calendar 
year in crop stubble for the control of broadleaf weeds up to 11-cm in height and annual 
grasses that are less than 3-cm tall (Anonymous 2013). It can also be tank-mixed with 
other herbicides with different modes of action such as 2,4-D, dicamba, glyphosate, or 
metribuzin to expand weed control spectrum. Several no-till corn producers are now 
considering fall and/ or early spring application of herbicides for control of winter annual 
weeds such as horseweed and some early spring weeds such as giant ragweed. Davis et 
al. (2007) investigated that glyphosate-resistant horseweed   densities were effectively 
reduced while preventing losses in crop yield when residual herbicides such as 
chlorimuron, flumetsulam, metribuzin, or sulfentrazone were applied in spring. 
Furthermore, Monnig and Bradley (2007) showed that fall and spring application of 
chlorimuron plus tribenuron plus 2,4-D; chlorimuron plus sulfentrazone plus 2,4-D 
reduced the emergence of summer and winter annual weeds compared to glyphosate plus 
2,4-D program.   
A recent study in Nebraska reported 90% control of glyphosate-resistant giant 
ragweed with preplant application of any herbicide program that included 2,4-D as a tank 
mix partner (Kaur et al. 2014; Jhala et al. 2014). Therefore, early spring management of 
giant ragweed is important to avoid early season competition with corn. The objective of 
this study was to compare efficacy of iodosulfuron and thiencarbazone premix applied in 
fall or spring, applied alone in split applications or in tank-mixture with  2,4-D, dicamba, 
glyphosate, or metribuzin for control of glyphosate-resistant giant ragweed.  
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MATERIAL AND METHODS 
Field experiments were conducted at grower’s fields near Clay Center, NE in 
2012-2013 and in McCool Junction, NE in 2013-2014 before planting glyphosate-tolerant 
no-till corn. The soil at the Clay Center was silty clay loam with a pH of 6.5, 17% sand, 
58% silt, 25% clay, and 2.5% organic matter. The soil at McCool Junction was silty clay 
loam with a pH of 6.1, 17% sand, 48% silt, 35% clay, and 4.1% organic matter. 
A total of 15 herbicide treatments including an untreated control were compared 
(Table 5.1). Herbicides were applied with a CO2-pressurized backpack sprayer calibrated 
to deliver 140 L ha
-1
 at 276 kPa equipped with a four-nozzle boom and AIXR 11015 flat-
fan nozzles (TeeJet, Spraying Systems Co., P.O. Box 7900, Wheaton, IL 60189). 
Herbicide treatments were applied in fall after harvesting the crop (October 15, 2012 and 
December 13, 2013), preplant (April 4, 2013 and April 8, 2014), PRE (May17, 2013 and 
May 9, 2014), and POST (June 19, 2013 and June 3, 2014) at Clay Center and McCool 
Junction, NE, respectively. There was delay in fall burndown application in 2014 due to 
late harvest of corn and unfavorable weather conditions. Glyphosate-resistant corn 
varieties “Pioneer 1151 HR RR2/LL” and “NK N72Q-3111 RR2/LL” were planted on 
May 15, 2013 and May 6, 2014 at Clay Center and McCool Junction, respectively. Plot 
size was 3 X 9 m that included 4 rows of corn spaced 76 cm. Herbicides were applied as 
per their recommended rates (Table 5.1). Selected treatments were followed by 
thiencarbazone plus isoxaflutole at 78 g ai ha
-1
  + atrazine at 560 g ai ha
-1
 (PRE) followed 
by tembotrione at 92 g ai ha
-1
 + atrazine at 560 g ai ha
-1
  (POST) and three treatments 
were applied as burndown-only and had no PRE- and POST- applications (Table 5.1). 
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The experiment was arranged in a randomized complete block design with four 
replications. 
During both years, data for visual control estimates on a scale of 0 to 100% (0% 
equals no control and 100% equals complete control) at 14, and 28 d after early spring 
herbicide application and 14, 28, 60, 90, 120 days after PRE application were recorded. 
The weed densities were assessed from two randomly selected 0.25-m
2
 quadrats per plot 
at 28 d after early spring application and at harvest. At 28 d after early spring treatment 
and at harvest, giant ragweed that survived herbicide treatments were cut at the stem base 
close to the soil surface from two randomly selected 0.25-m
2
 quadrats per plot, placed in 
paper bags, dried in an oven for 48 h at 65 C, and the biomass was determined by taking 
average of two samples. Corn was harvested using a plot combine and yields were 
adjusted to 10% moisture content.  
Statistical analysis: Data were subjected to ANOVA using the PROC MIXED procedure 
in SAS version 9.3 (SAS Institute Inc, Cary, NC). Data were tested for normality with the 
use of PROC UNIVARIATE. Data for visual estimates of giant ragweed control, density, 
and biomass were arcsine square-root transformed before analysis; however, back 
transformed data are presented based on mean separation of transformed data. Year, 
experimental site, and herbicide treatments were considered fixed effects, while 
replication was considered as random effect. If the year-by-treatment interaction was not 
significant, data from the 2 yr were combined. Where the ANOVA indicated treatment 
effects were significant, means were separated at P ≤ 0.05 using Tukey-Kramer’s 
pairwise comparison test.  
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RESULTS AND DISCUSSION 
 Year-by-treatment interaction was not significant; therefore, data from both years 
were combined. A premix of iodosulfuron and thiencarbazone applied alone in fall or 
early spring resulted in < 45% control of glyphosate-resistant giant ragweed. In fact, split 
applications of iodosulfuron plus thiencarbazone at 9 g ai ha
-1
 in fall and early spring 
resulted in < 60% control at 28 d after early spring treatment (DAEST). Dicamba applied 
alone or tank-mixed with iodosulfuron plus thiencarbazone in the fall and early spring 
resulted in ≥ 98% control at 28 DAEST. Fall and early spring application of 2,4-D was 
not much effective (73% control); however, tank mixing 2,4-D with premix of 
iodosulfuron and thiencarbazone provided 92% giant ragweed control at 28 DAEST. For 
instance, 63-66% control of glyphosate-resistant giant ragweed was observed with 2,4-D 
alone at 7 days after burndown treatment (DABT) (Jhala et al. 2014); however, tank 
mixture of 2,4-D with glufosinate provided > 93 % control of glyphosate-resistant giant 
ragweed at 20 days after treatment (Barnett et al. 2013). Similarly, metribuzin applied 
alone in the fall and early spring resulted in < 30% control; however, tank mixing with 
iodosulfuron plus thiencarbazone provided 79% control at 28 DAEST. Similar trend was 
observed in giant ragweed biomass. Dicamba applied alone or tank-mixed with 
iodosulfuron plus thiencarbazone resulted in ≥ 90% reduction in giant ragweed biomass 
compared with other treatments that resulted in < 60% biomass reduction. For example, 
tank mixture of glyphosate and dicamba applied as preplant reduced glyphosate resistant 
giant ragweed biomass by ≥ 97 % at 4 weeks after application in dicamba-tolerant 
soybean (Vink et al. 2012). 
91 
 
 Most of fall and/or early spring herbicide treatments were followed by a premix 
of isoxaflutole and thiencarbazone at 78 g ai ha
-1
 tank mixed with atrazine at 560 g ai ha
-1
 
applied PRE within 2 to 4 d of planting corn (Table 5.3). This herbicide treatment was 
not much effective because giant ragweed was 10 to 15 cm tall when PRE herbicide was 
applied. For example, premix of iodosulfuron plus thiencarbazone applied in fall or early 
spring at labeled rate or in split application at reduced rate resulted in < 65% control of 
giant ragweed regardless of PRE herbicide treatment. Most herbicide treatments were 
followed by POST application of tembotrione at 92 g ai ha
-1
 tank-mixed with atrazine at 
560 g ai ha
-1
 (Table 5.3). All herbicide treatments with premix of iodosulfuron plus 
thiencarbazone applied alone or in tank-mixes and followed by POST application of 
tembotrione plus atrazine resulted in 86 to 98% control of giant ragweed at 14 days after 
POST treatment (DAPOST) and 91 to 99% control at 28 DAPOST in no-till corn. 
Similarly, Williams et al. (2011) reported 77 to 95% weed control in sweet corn with a 
tank-mixture of tembotrione and atrazine. A split application of iodosulfuron plus 
thiencarbazone in fall and early spring applied in tank-mix with dicamba without PRE 
and/or POST herbicide treatments resulted in 76 to 99% control of giant ragweed 
throughout the growing season and usually it was comparable with the same treatment 
followed by PRE and POST herbicide treatment. This might be due to sensitivity of giant 
ragweed to dicamba. Vink et al. (2012) reported > 90% control of glyphosate-resistant 
giant ragweed with preplant and POST application of dicamba in dicamba-tolerant 
soybean.  This indicates the importance of early season control of giant ragweed 
regardless of in-crop herbicide treatment which is due the fact that giant ragweed is an 
early emerging weed in Nebraska. Similarly, iodosulfuron plus thiencarbazone applied in 
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fall or early spring or in split application regardless of tank mixes with other herbicides 
followed by PRE and POST herbicide application in corn resulted in > 90% control later 
in the season.  
 Giant ragweed densities differed between herbicide treatments (Table 5.4). The 
nontreated control had the highest density (25 plants m
-2
); however, it was comparable 
with glyphosate applied in fall (16 plants m
-2
), metribuzin applied in fall (22 plants m
-2
), 
and early spring application of iodosulfuron plus thiencarbazone (14 plants m
-2
). All 
other treatments resulted in lower giant ragweed densities (0 to 8 plants m
-2
) at 28 
DAEST. The results of giant ragweed control and density were reflected in biomass. 
Although comparable with other treatments, 85 to 98% reduction in giant ragweed 
biomass was observed in treatments including 2,4-D or dicamba at 28 DAEST. Similarly, 
Robinson et al. (2012) reported 96 to 99% reduction in glyphosate-resistant giant 
ragweed biomass with 2,4-D at 28 DAT under no-crop conditions. Iodosulfuron plus 
thiencarbazone applied alone or tank-mixed with glyphosate applied in fall or early 
spring resulted in < 60% reduction in giant ragweed biomass due to poor control. There 
was no injury symptoms observed in corn in any treatment, hence, all herbicide 
treatments used in this study were safe to use in corn if applied as per label direction.  
 Year-by-treatment interaction was significant for corn seed yield (P=0.0484) 
(Appendix E); therefore, yield data are presented separately for both years. The 
nontreated control, early spring application of iodosulfuron plus thiencarbazone, and 
iodosulfuron plus thiencarbazone tank mixed with metribuzin applied in fall and early 
spring resulted in the lowest yield (< 6,500 kg ha
-1
) (Table 5.4).  Most of the treatments 
resulted in comparable yields due to POST herbicide application. The treatments without 
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PRE and POST herbicide application resulted in < 11,500 kg ha
-1
 and it was usually 
lower than other treatments.  
This is the first report describing efficacy of iodosulfuron and thiencarbazone 
premix applied alone or in tank-mix with other herbicides applied fall and/or early spring 
for management of glyphosate-resistant giant ragweed. Results of this study suggest that 
early spring herbicide treatments followed by POST herbicides were important to provide 
season-long control of giant ragweed, while yield was not much affected by fall and/or 
early spring herbicide treatments. Results suggested that premix of iodosulfuron and 
thiencarbazone applied in fall or early spring or in split applications followed by PRE and 
POST herbicide application in corn resulted in > 90% control later in the season 
regardless of tank mixes with other herbicides. However, ALS-resistant giant ragweed 
biotypes have been confirmed in the Midwest; therefore, tank mixtures of ALS 
inhibiting-herbicides, such as premix of iodosulfuron and thiencarbazone  with herbicides  
with different modes of action including 2,4-D or dicamba can control glyphosate-
resistant giant ragweed and will provide additional mode of action. It was observed in 
this study that premix of iodosulfuron and thiencarbazone applied early spring without 
PRE and POST herbicides resulted in < 30% giant ragweed control throughout growing 
season and resulted in < 5,000 kg ha
-1
 corn yield. Similarly, PRE application of 
isoxaflutole plus thiencarbazone tank-mixed with atrazine followed by POST application 
of tembotrione and atrazine resulted in < 80% control, giant ragweed density of 16 plants 
m
-2
, and < 20% reduction in giant ragweed biomass. It is concluded that premix of 
iodosulfuron and thiencarbazone will not provide season long control of giant ragweed if 
not followed by POST application of herbicide in corn. Additionally, tank-mixing premix 
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of iodosulfuron and thiencarbazone with dicamba or 2,4-D resulted in excellent giant 
ragweed control and reduced density and biomass.   
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Table 5.1. Herbicide treatments, application timings and rates as well as products used in a field study for control of glyphosate-resistant giant ragweed 
in Nebraska in no-till corn in 2013 and 2014. 
 
Herbicide
a,b
 Timing
a
 Rate
a
 Trade Name Manufacturer 
  g ae or ai ha
-1
   
Iodo + thien Fall 18 AutumnSuper Bayer CropScience, Research Triangle Park, NC, 
27709  
Iodo + thien Early Spring 18 AutumnSuper Bayer CropScience 
Iodo + thien  fb Iodo + thien Fall fb Early Spring 9+9 AutumnSuper Bayer CropScience 
Dicamba  fb Dicamba Fall fb Early Spring  560+560 
 
Clarity 
 
BASF Corporation, 26 Davis Drive, Research 
Triangle Park, NC, 27709 
Iodo + thien + Dicamba fb Iodo 
+ thien + Dicamba 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
AutumnSuper + 
Clarity 
Bayer CropScience; BASF Corporation 
2,4-D fb 2,4-D Fall fb Early Spring  830+830 2,4-D LV 4 Winfield Solutions LLC, ST PAUL, MN 55164 
Iodo + thien + 2,4-D fb 
Iodo + thien + 2,4-D 
Fall fb 
Early Spring 
9 + 830 
9 + 830 
AutumnSuper + 2,4-
D LV 4 
Bayer CropScience; Winfield Solutions LLC 
Glyphosate Fall 840 Roundup Powermax Monsanto Company, 800 North Lindberg Ave., St. 
Louis, MO 
Iodo + thien + Glyphosate fb 
Iodo + thien + Glyphosate 
Fall fb 
Early Spring 
9 + 840 
9 + 840 
AutumnSuper + 
Roundup Powermax 
Bayer CropScience; Monsanto Company 
Metribuzin Fall 315 Sencor Loveland Products, Inc., 3005 Rocky Mountain 
Ave., Loveland, CO 80538 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
AutumnSuper + 
Sencor 
Bayer CropScience; Loveland Products 
Iodo + thien
c
 Early Spring 18 AutumnSuper Bayer CropScience 
Iodo + thien + Dicamba fb 
Iodo + thien + Dicamba
c
 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
AutumnSuper + 
Clarity 
Bayer CropScience; BASF Corporation 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin
c
 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
AutumnSuper + 
Sencor 
Bayer CropScience; Loveland Products 
a
Abbreviations: ae, acid equivalent; ai, active ingredient; AMS, ammonium sulfate (DSM Chemicals North America Inc., Augusta, GA); COC, crop oil 
concentrate (Agridex, Helena Chemicals Co., Collierville, TN); Iodo + thien, iodosulfuron plus thiencarbazone-methyl;); fb: followed by. 
b 
Adjuvants
 
used in all treatments were
 
AMS at 2% wt/v, COC at 1% v/v 
c
All treatments were followed by PRE application of  thiencarbazone and isoxaflutole  + atrazine (78 + 560) g ai ha-1 + MSO (1% v/v) + AMS (2% 
wt/v) followed by POST application of tembotrione + atrazine (92 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS (2% wt/v), except last three treatments, 
where only fall and early spring treatments were applied. 
 
 
 
 
9
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Table 5.2. Control of glyphosate-resistant giant ragweed at 14 and 28 d after early spring treatment, biomass reduction at 28 d after early spring 
treatment in no-till corn in a field experiment conducted in Nebraska in 2013 and 2014. 
 
 Herbicide
a,b
 Application timing
a
 Rate
a
 Giant ragweed control
a
 Biomass 
reduction
a
 
   g ae or ai ha
-1
 14 DAEST 28 DAEST 28 DAEST 
   
_________________________________________
%
____________________________
 
Nontreated Control   0 0 0 
Iodo + thien Fall 18 37 bc 25 cd 9 c 
Iodo + thien Early Spring 18 42 bc 38 bcd 28 bc 
Iodo + thien  fb Iodo + thien Fall fbEarly Spring 9+9 29 bcd 58 bcd 45 b 
Dicamba  fb Dicamba Fall fbEarly Spring  560+560 84 a 98 a 90 a 
Iodo + thien + Dicamba fb  
Iodo + thien + Dicamba 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
81 a 99 a 98 a 
2,4-D fb 2,4-D Fall fbEarly Spring  830+830 80 a 73 bcd 41 b 
Iodo + thien + 2,4-D fb 
Iodo + thien + 2,4-D 
Fall fb 
Early Spring 
9 + 830 
9 + 830 
84 a 92 ab 57 b 
Glyphosate Fall 840 8 d 15 d 10 c 
Iodo + thien + Glyphosate fb 
Iodo + thien + Glyphosate 
Fall fb 
Early Spring 
9 + 840 
9 + 840 
31 bcd 50 bcd 14 c 
Metribuzin Fall 315 22 cd 28 cd 21 c 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
54 b 79 abc 47 b 
Iodo + thien
b
 Early Spring 18 20 cd 25 cd 10 c 
Iodo + thien + Dicamba fb 
Iodo + thien + Dicamba
b
 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
84 a 99 a 97 a 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin
b
 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
43 bc 45 bcd 19 c 
a
Abbreviations: ae, acid equivalent; ai, active ingredient; DAEST, Days after Early Spring treatment; fb: followed by; Iodo + thien, 
iodosulfuron plus thiencarbazone-methyl. 
b
All treatments were followed by PRE application of  thiencarbazone and isoxaflutole + atrazine (78 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS 
(2% wt/v) followed by POST application of tembotrione + atrazine (92 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS (2% wt/v) except for last three 
treatments, where only fall and early spring treatments were applied.  
 
 
 
9
9
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Table 5.3. Control of glyphosate-resistant giant ragweed at 14 d after pre-emergence and 14, 28 d after post-emergence, and at harvest in no-till corn in 
Nebraska in 2013 and 2014. 
Herbicide
a,b
 Application timing
a
 Rate
a
 Control 
a,c,d,e
 
  g ae or ai ha
-1
 14  
DAPRE 
14 
DAPOST 
28  
DAPOST 
At harvest 
   
______________________________
%
_________________________
 
Nontreated Control   0 0 0 0 
Iodo + thien Fall 18 63 b 88 ab 96 a 95 a 
Iodo + thien Early Spring 18 64 b 93 a 95 a 92 a 
Iodo + thien  fb Iodo + thien Fall fb Early Spring 9+9 57 bc 92 a 97 a 96 a 
Dicamba  fb Dicamba Fall fb Early Spring  560+560 92 a 96 a 98 a 97 a 
Iodo + thien + Dicamba fb  
Iodo + thien + Dicamba 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
92 a 98 a 99 a 99 a 
2,4-D fb 2,4-D Fall fb Early Spring  830+830 87 a 92 a 96 a 95 a 
Iodo + thien + 2,4-D fb 
Iodo + thien + 2,4-D 
Fall fb 
Early Spring 
9 + 830 
9 + 830 
91 a 97 a 99 a 98 a 
Glyphosate Fall 840 22 d 74 b 81 b 81 b 
Iodo + thien + Glyphosate fb 
Iodo + thien + Glyphosate 
Fall fb 
Early Spring 
9 + 840 
9 + 840 
63 b 86 ab 96 a 96 a 
Metribuzin Fall 315 47 c 87 ab 91 a 91 a 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
82 ab 98 a 98 a 97 a 
Iodo + thien
b
 Early Spring 18 28 d 0 c 0 c 0 c 
Iodo + thien + Dicamba fb 
Iodo + thien + Dicamba
b
 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
98 a 95 a 76 b 80 a 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin
b
 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
64 b 15 c 21 c 23 c 
 
a
Abbreviations: ae, acid equivalent; ai, active ingredient;  DAPRE, Days after pre-emergence treatment; DAPOST, Days after post emergence treatment; 
fb, followed by; Iodo + thien, iodosulfuron plus thiencarbazone-methyl. 
b
All treatments were followed by PRE application of thiencarbazone and isoxaflutole  + atrazine (78 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS (2% wt/v) 
followed by POST application of tembotrione + atrazine (92 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS (2% wt/v) except for last three treatments, where 
only fall and early spring treatments were applied. 
c
 Data were arc-sine square-root transformed before analysis; however, data presented are the means of actual values for comparison based on 
interpretation from the transformed data. 
d
 Means within columns with no common letter(s) are significantly different according to Tukey-Kramer’s pairwise comparison test at P ≤ 0.05.  
e
Control (0%) data from nontreated plots were not included in analysis. 
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Table 5.4. Effect of herbicide treatments on glyphosate-resistant giant ragweed density, biomass reduction, and corn yield in 2013 and 2014. 
 
Herbicide
a,b
 Application timing
a
 Rate
a
 Giant ragweed
c,d
 Corn yield
d
 
  g ae or ai ha
-1
 Density Biomass reduction Kg ha
-1
 
   No. m
-2
 % 2013 2014 
Nontreated Control   25 a 0 3,016 d 6,373 cd 
Iodo + thien Fall 18 6 b 48 cd 16,584 a 12,668 ab 
Iodo + thien Early Spring 18 5 b 59 cd 16,048 a 12,170 ab 
Iodo + thien  fb Iodo + thien Fall fb Early Spring 9+9 8 b 70 b 16,735 a 12,406 ab 
Dicamba  fb Dicamba Fall fb Early Spring  560+560 3 b 81 ab 14,927 ab 12,415 ab 
Iodo + thien + Dicamba fb  
Iodo + thien + Dicamba 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
2 b 95 a 17,692 a 12,739 ab 
2,4-D fb 2,4-D Fall fb Early Spring  830+830 5 b 76 b 14,275 ab 12,543 ab 
Iodo + thien + 2,4-D fb 
Iodo + thien + 2,4-D 
Fall fb 
Early Spring 
9 + 830 
9 + 830 
3 b 86 ab 16,095 a 13,766 a 
Glyphosate Fall 840 16 a 19 d 8,733 bc 11,972 ab 
Iodo + thien + Glyphosate fb 
Iodo + thien + Glyphosate 
Fall fb 
Early Spring 
9 + 840 
9 + 840 
5 b 66 bc 16,035 ab 11,860 ab 
Metribuzin Fall 315 22 a 31 d 13,307 ab 12,955 ab 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
5 b 84 ab 15,325 a 12,533 ab 
Iodo + thien
b
 Early Spring 18 14 a 15 d 4,425 d 4,696 d 
Iodo + thien + Dicamba fb 
Iodo + thien + Dicamba
b
 
Fall fb 
Early Spring 
9 + 560 
9 + 560 
0 b 99 a 11,375 bc 11,576 ab 
Iodo + thien + Metribuzin fb 
Iodo + thien + Metribuzin
b
 
Fall fb 
Early Spring 
9 + 315 
9 + 315 
6 b 64 bc 5,243 cd 5,489 cd 
 
a
Abbreviations: ae, acid equivalent; ai, active ingredient; fb, followed by; Iodo + thien, iodosulfuron plus thiencarbazone-methyl.  
b
All treatments were followed by PRE (pre-emergence) application of thiencarbazone and isoxaflutole + atrazine (78 + 560) g ai ha
-1
 + MSO (1% v/v) + 
AMS (2% wt/v) followed by POST application of tembotrione + atrazine (92 + 560) g ai ha
-1
 + MSO (1% v/v) + AMS (2% wt/v) except for last three 
treatments, where only fall and early spring treatments were applied. 
c
 Giant ragweed density and biomass data were taken at harvest and were arc-sine square-root transformed before analysis; however, data presented are 
the means of actual values for comparison based on interpretation from the transformed data. 
d
 Means within columns with no common letter(s) are significantly different according to Tukey-Kramer’s pairwise comparison test at P ≤ 0.05.  
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Appendix 
 
Analysis of Variance tables: 
 
 
Appendix A. ANOVA for seedling emergence and time for 50% seedling emergence (T50
a
) in 
2012 and 2013. 
Parameters Effect df Pr>F 
Seedling emergence trt 4 0.088 
 year 1 0.003 
T50
a
 trt 4 .107 
 year 1 <0.0001 
*Year-by-treatment effects were non-significant  (P<0.05)  for both the years, 
therefore, we looked up the main effects and we found that year was significant, 
therefore, we presented the data separately due to large variation between both the 
years. 
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Appendix B. ANOVA table for effect of degree of water stress on plant height, leaf number, 
growth index, shoot biomass, root biomass and seed production. 
Parameters Effect df Pr>F 
Plant height trt 4 <0.0001 
 replication 4 0.2233 
 year 1 0.0666 
 trt*year 4 0.6253 
Leaf number trt 4 <0.0001 
 replication 4 0.5649 
 year 1 0.4254 
 trt*year 4 0.0944 
Growth index trt 4 0.0002 
 replication 4 0.2743 
 year 1 0.6186 
 trt*year 4 0.6748 
Shoot biomass trt 4 <0.0001 
 replication 4 0.3933 
 year 1 0.2324 
 trt*year 4 0.1698 
Root biomass trt 4 <0.0001 
 replication 4 0.2000 
 year 1 0.5937 
 trt*year 4 0.9609 
Seed production trt 4 <0.0001 
 replication 4 0.0581 
 year 1 0.0093 
 trt*year 4 0.0620 
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Appendix C. ANOVA table for effect of duration of water stress on plant height, leaf number, 
growth index, shoot biomass, root biomass and seed production 
Parameters Effect Num df Pr>F 
Plant height trt 4 0.0138 
 replication 4 0.1365 
 year 1 0.3889 
 trt*year 4 0.9810 
Leaf number trt 4 <0.0001 
 replication 4 0.4495 
 year 1 0.5693 
 trt*year 4 0.3216 
Growth index trt 4 <0.0001 
 replication 4 0.1375 
 year 1 0.6077 
 trt*year 4 0.2165 
Shoot biomass trt 4 <0.0001 
 replication 4 0.3968 
 year 1 0.1768 
 trt*year 4 0.1202 
Root biomass trt 4 <0.0001 
 replication 4 0.9304 
 year 1 0.1959 
 trt*year 4 0.4207 
Seed production trt 4 0.0011 
 replication 4 0.7080 
 year 1 0.9576 
 trt*year 4 0.6310 
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Appendix D. ANOVA table for control of glyphosate-resistant giant ragweed at 7 DABT, 14 
DABT, 21 DABT, 7 DAEP, 21 DAEP and harvest 
Visual Control Effect df Pr>F 
7 DABT trt 11 <0.0001 
 year  1 0.7524 
 block 3 0.0712 
 trt*year 11 0.087 
14 DABT trt 11 <0.0001 
 year  1 0.6354 
 block 3 0.8895 
 trt*year 11 0.1429 
21 DABT trt 11 <0.0001 
 year  1 0.2098 
 block 3 0.5335 
 trt*year 11 0.4427 
7 DAEP trt 11 0.0071 
 year  1 0.5273 
 block 3 0.2483 
 trt*year 11 0.9681 
21 DAEP trt 11 <0.0056 
 year  1 0.2478 
 block 3 0.2778 
 trt*year 11 0.6871 
Harvest trt 11 0.0054 
 year  1 0.0581 
 block 3 0.0692 
 trt*year 11 0.1117 
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Appendix E. ANOVA table for weed control efficiency (WCE) of glyphosate-resistant giant 
ragweed, density and soybean yield at harvest 
Parameters Effect df Pr>F 
WCE trt 11 0.0345 
 year  1 0.2178 
 block 3 0.4462 
 trt*year 11 0.5847 
Density trt 11 <0.0001 
 block 1 0.3194 
 year  3 0.7558 
 trt*year 11 0.0747 
Soybean Yield trt 11 <0.0001 
 year  1 0.0011 
 block 3 0.0163 
 trt*year 11 0.0247 
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Appendix E. ANOVA table for control of glyphosate-resistant giant ragweed at 14 d after early 
spring treatment, 28 d after early spring treatment, 28 d after pre-emergence treatment, 14 d after 
post-emergence treatment, 28 d after post-emergence treatment and harvest. 
Visual Control Effect df Pr>F 
14 DAEST trt 13 <0.0001 
 year 1 0.6573 
 block 3 0.0683 
 trt*year 13 0.1334 
28 DAEST trt 13 <0.0001 
 year 1 0.4635 
 block 3 0.9859 
 trt*year 13 0.9412 
28 DAPRE trt 13 <0.0001 
 year 1 0.7513 
 block 3 0.2823 
 trt*year 13 0.9518 
14 DAPOST trt 13 <0.0001 
 year 1 0.2574 
 block 3 0.2270 
 trt*year 13 0.5606 
28 DAPOST trt 13 <0.0001 
 year 1 0.1571 
 block 3 0.0228 
 trt*year 13 0.9761 
Harvest trt 13 <0.0001 
 year 1 0.3487 
 block 3 0.0504 
 trt*year 13 0.9401 
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Appendix F. ANOVA table for biomass reduction of glyphosate-resistant giant ragweed at 28 d 
after early spring treatment and at harvest, density at harvest and corn yield. 
Parameters Effect df Pr>F 
Biomass reduction trt 13 0.0007 
28 DAEST year 1 0.9234 
 block 3 0.3714 
 trt*year 13 0.7564 
Biomass reduction trt 13 <0.0001 
Harvest year 1 0.1192 
 block 3 0.4315 
 trt*year 13 0.0513 
Density trt 13 <0.0001 
 block 3 0.2188 
 year 1 0.6999 
 trt*year 13 0.0546 
Corn Yield trt 13 <0.0001 
 year 1 0.0017 
 block 3 0.0083 
 trt*year 13 0.0484 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
